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SIR ISAAC NEWTON's PRINCIPLES. 


c HA 
Of Astronomy in general. 


1. F all the ſciences cultivated by mankind, 
() Aſtronomy is acknowledged to be, and 


undoubtedly is, the moſt ſublime, the 

molt intereſting, and the moſt uſeful. For, by know- 
ledge derived from this ſcience, not only the bulk 
of the earth is diſcovered, the ſituation and extent 
of the countries and kingdoms upon it aſcertained, 
trade and commerce carried on to the remoteſt 
part of the world, and the various products of 
ſeveral countries diſtributed for the health, comfort, 


faculties areenlarged with the grandeur of the ideas 
it conveys, our minds exalted above the low con- 
tracted prejudices of the vulgar, and our under- 
itandings clearly convinced, and affected with 
the conviction of the exiſtence, wiſdom, power, 
goodneſs, immutability, and ſuperintendency of 
the SUPREME BEING! So that without an 
hyperbole, | 
ce An undevout Aſtronomer is mad“. 

2. From this branch of knowledge we alſo learn 
by what means or laws the Almighty carries on, 
and continues the wonderful harmony, order, and 
W connexion obſervable throughout the planetary 

ſyſtem; and are led by very powerful arguments 
to form this pleaſing deduction, that minds capable 


* Dr. Youxc's Night Thoughts, 
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of 


The general 
uſe of Aſtro- 
nomy, 


and conveniency of its inhabitants; but our very 


The Earth 
but a point 
as ſeen from 
the Suns 


The Stars 
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and innu- 
meradle, 
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of ſuch deep reſearches, not only derive their ori- 
gin from that adorable Being, but are alſo in- 
cited to aſpire after a more perfect knowledge of 
his nature, and a ſtricter conformity to his will, 

3. By Aſtronomy we diſcover that the Earth is 
at ſo great a diſtance from the Sun, that if ſeen 
from thence it would appear no bigger than a 
point; although its circumference is known to be 
25,020 miles. Yet that diſtance is fo ſmall, com- 
pared with the Earth's diſtance from the Fixed 
Stars, that if the orbit in which the Earth moves 
round the Sun were ſolid; and ſeen from the near- 
eſt Star, it would likewiſe appear no bigger than 
a point, although it is about 162 millions of miles 


in diameter. For the Earth in going round the 


Sun is 162 millions of miles nearer to ſome of the 


Stars at one time of the year, than at another; 


and yet their apparent magnitudes, ſituations, and 
diſtances from one another ſtill remain the ſame; 
and a teleſcope which magnifies above 200 times, 
does not ſenſibly magnify them: Which proves 
them to be at leaſt 400 thouſand times farther 
from us than we are from the Sun. 

4. It is not to be imagined that all the Stars are 
placed in one concave ſurface, ſo as to be equally 
diſtant from us; but that they are placed at im- 
menſe diſtances from one another through unli- 
mired ſpace. So that there may be as great a diſ- 
tance between any two neighbouring Stars, as be- 
tween our Sun and thoſe which are neareſt to him, 
Therefore an Obſerver, who is neareſt any fixed 
Star, will look upon it alone as a real Sun; and 
conſider the reſt as ſo many ſhining points, placed 
at equal diſtances from him in the Firmament. 

5. By the help of teleſcopes we diſcover thouſands 
of Stars, which are inviſible to the bare eye; and 
the better our glaſſes are, ſtill the more become 
viſible: ſo that we can ſet no limits either to their 
number or their diſtances, The celebrated Hur- 
CENS carried his thoughts ſo far, as to believe it 
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not impoſſible that there may be Stars at ſuch 
inconceivablediſtances, that their light has not yet 
reached the Earth ſince its creation; although 
the velocity of light be a million of times greater 
than the velocity of a cannon ball, as ſhall be 
"X demonſtrated afterward, F 197. 216: and, as 
Mr. App1son very juſtly obſerves, this thought is 
far from being extravagant, when we conſider that 
the Univerſe is the work of infinite power, prompted 
by infinite goodneſs; having an infinite ſpace to 
exert itſelf in; ſo that our imaginations can ſet no 
bounds to it. 

6. The Sun appears very bright and large in Why the 
compariſon of the Fixed Stars, becauſe we keep digger than 
=X conſtantly near the Sun, in compariſon of our im- he Sn. 
XX menſe diſtance from the Stars. For, a ſpectator 

placed as near to any Star as we are to the Sun, 
"XXX would ſee that Star a body as large and bright as 
„the Sun appears to us: and a ſpectator, as far 
s, XX diſtant from the Sun as we are from the Stars, 

== would ſee the Sun as ſmall as we ſee a Star, di- 


bis 


er 3 veſted of all its circumvolving planets; and would 

4 reckon it one of the Stars in numbering them, 
re 7. The Stars being at ſuch immenſe diſtances The Stars 
ly from the Sun, can dot poſſibly receive from him ſo fight“ 
1- ſtrong a light as they ſeem to have; nor any bright- by the Sun, 
i-. ness ſufficient to make them viſible to us. For 
the Sun's rays muſt be ſo ſcattered and diſſipated 
e- before they reach ſuch remote objects, that they 


n. can never be tranſmitted back to our eyes, ſo as 
ed do render theſe objects viſible by reflection. The 


nd Stars therefore ſhine with their own native and un- 

ed ME borrowed luſtre, as the Sun does; and ſince each 

. particular Star, as well as the Sun, is confined to a 

\ds particular portion of ſpace, it is plain that the Stars 

nd are of the ſame nature with the Sun, | 
me 8. It is no ways probable that the Almighty, | 

eit MY bo always acts with infinite wiſdom, and does no- | 

r- hing in vain, ſhould create ſo many glorious Suns, | 
e it fit for ſo many important purpoſes, and place them 
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. They ere influences. Whoever imagines they were created 
| fwrroundeg Only to give a faint glimmering light to the 1nha- 
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at ſuch diſtances from one another, without pro- 
per objects near enough to be benefited by their 


probably 


oy Planets. bitants of this Globe, muſt have a very ſuperficial 
knowledge of Aſtronomy, and a mean opinion of 
the Divine Wiſdom: ſince, by an infinirely leſs 
exertion of creating power, the Deity could have 
given our Earth much more light by one ſingle ad- 
ditional Moon. 

9. Inſtead then of one Sun and one World only 
in the Univerſe, as the unſkilful in Aſtronomy 
imagine, that Science diſcovers to us ſuch an in- 
conceivable number of Suns, Syſtems, and Worlds, 
diſperſed through boundleſs Space, that if our Sun, 
with all the Planets, Moons, and Comets, belong- 
ing to it, were annihilated, they would be no more 
miſſed, by an eye that could take in the whole 
Creation, than a grain of ſand from the ſea- ſhore. 
The ſpace they poſſeſs being comparatively ſo 

ſmall, that it would ſcarce be a ſenſible blank in 


the Univerſe, although Saturn, the outermoſt of 
our planets, revolves about the Sun in an Orbit 


of 4884 millions of miles in circumference *, and 


ſome of our Comets make excurſions vpward of 
ten thouſand millions of miles beyond Saturn's Mi 


Orbit; and yet, at that amazing diſtance, they are 


incomparably nearer to the Sun than to any of the 
Stars; as is evident from their keeping clear of 


the attractive power of all the Stars, and returning 
periodically by virtue of the Sun's attraction. 


The flellar 10. From what we know of our own Syſtem, it 2z 


Planets may 


be habitable, may be realonably concluded that all the reſt are - 


with equal wiſdom contrived, ſituated, and pro- 
vided with accommodations for rational inhabit- ai 
ants. Let us therefore take a ſurvey of the 
Syſtem ro which we belong; the only one accel- 
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* The Georgian Planet, diſcovered ſince Mr. Ferguſon's = 
time, revolves round the Sun in an Orbit 5673 millions of 
miles in circumference. = 
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ble to us; and from thence we ſhall be the better 
enabled to judge of the nature and end of the 
other Syſtems of the Univerſe, For although 
there is almoſt an infinite variety in the parts of 
the Creation, which we have opportunities of exa- 
mining, yet there is a general analogy running 
through and connecting all the parts into one 
ſcheme, one deſign, one whole! 

11. And then, to an attentive conſiderer, it will 
appear highly probable, that the Planets of our 
Syſtem, together with their attendants called Sate]- 
lites or Moons, are much of the fame nature with 
our Earth, and deſtined for the like purpoſes. 
For they are ſolid opaque Globes, capable of ſup- 
porting animals and vegetables. Some of them 
are bigger, ſome leſs, and ſome much about the 
ſize of our Earth. They all circulate round the 
Sun, as the Earth does, in a ſhorter or longer 
time, according to their reſpective diſtances from 
him; and have, where it would not be inconve- 
nient, regular returns of ſummer and winter, ſpring 


and autumn. They have warmer and colder 


climates, as the various productions of our Earth 
require: and, in ſuch as afford a poſſibility of 
dilcovering it, we obſerve a regular motion round 
their axis like that of our Earth, cauſing an alter 
nate return of day and night; which is neceſſar 

for labour, reſt, and vegetation, and that all parts 
—_ ſurfaces may be expoſed to the rays of the 

un, 

12. Such of the Planets as are fartheſt from the 
Sun, and therefore enjoy leaſt of his light, have 
that deficiency made up by ſeveral Moons, which 
conſtantly accompany, and revolve about them 
as our Moon revolves about the Earth. The 
remoteſt Planet has, over and above, a broad rin 
encompaſſing it; which like a lucid Zone in the 
Heavens refle&s the Sun's light very copiouſly on 
that Planet: ſo that if the remoter Planets have 
the Sun's light fainter by day than we, they have 
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to enlighten 
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Our Moon 
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an addition made to it morning and evening by 
one or more of their moons, and a greater quan- 
tity of light in the night-time. 

13. On the ſurface of the Moon, becauſe it is 
nearer to us than any other of the celeſtial Bodies 
are, we diſcover a nearer reſemblance of our Earth. 
For, by the aſſiſtance of teleſcopes, we obſerve the 
Moon to be full of high mountains, large valleys, 
and deep cavities. Theſe ſimilarities leave us no 
room to doubt, but that all the Planets and 
Moons, in the Syſtem, are deſigned as commodious 
habitations for creatures endowed with capacities 
of knowing and adoring their beneficent Creator. 

14. Since the Fixed Stars are prodigious ſpheres 
of fire, like our Sun, and at inconceivable dif- | 
tances from one another, as well as from us, it is 
reaſonable to conclude they are made for the ſame | 
purpoſes that the Sun is; each to beſtow light, 
heat, and vegetation on a certain number of in- 
habited Planets, kept by gravitation within the 
ſphere of its activity. 


15. What an avguſt, what an amazing concep- 
tion, if human imagination can conceive it, does 
this give of the works of the Creator! Thouſands 
of thouſands of Suns, multiplied without end, and 
ranged all around vs, at immenſe diſtances from 
each other, attended by ten thouſand times ten 
thouſand worlds, all in rapid motion, yet calm, 
regular, and harmonious, invariably keeping the 
paths preſcribed them; and theſe worlds peopled 
with myriads of intelligent beings, formed for end- 
leſs progreſſion in perfection and felicity ! 

16. If ſo much power, wiſdom, goodneſs, and 
magnificence is diſplayed in the material Creation, 
which is the leaſt conliderable part of the Uni- 
verſe, how great, how wiſe, how good muſt HE 
be, who made and governs the Whole! 
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A brief Deſcription of the Sol Ax SYSTEM. 


7. THF Sun, with the Planets and Comets PLATE 1, 
which move round him as their center, con- N.. 
ſtitute the Solar Syſtem. Thoſe Planets which are 

near the Sun not only finiſh their circuits ſooner, 

but likewiſe move faſter in their reſpective Orbits, — Solar 
than thoſe which are more remote from him. Their * 
motions are all performed from welt to eaſt, in 

Orbits nearly circular. Their names, diſtances, 

bulks, and periodical revolutions, are as follow : . 


18. The Sun ©, an immenſe globe of fire, is The sus. 
placed near the common center, or rather 1n the 
lower * focus, of the Orbits of all the Planets and 
Comets ; and turns round his axis in 25 days 

6 hours, as is evident by the motions of ſpots ſeen 

on his ſurface. His diameter is computed to be Fig. I. 
763,000 miles; and, by the various attractions of 

the circumvolving Planets, he is agitated by a 
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If the two ends of a thread be tied together, and the 
thread be then thrown looſely round two pins ſtuck in a table, 
and moderately ſtretched by the point of a black-lead pencil 
carried round by an even motion and light preffure of the hand, 
ar; oval or ellipſis will be deſcribed; and the points whzre the 
pins are fixed are called the foci or focuſes of the ellipſis. The 
Orbits of all the Planets are elliptical, and the Sun is placed 
in or near one of the fac; of each of them: and that in which 
he is placed, is called tbe /owwer focus. 

+ Aſtronomers are not far from the truth when they reckon 
the Sun's center to be in the lower focus of all the Planetary 
Orbits. Though, ſtrictly ſpeaking, if we conſider the focus 
of Mercury's Orbit to be in the Sun's center, the focus of 
Venus's Orbit will be in the common center of gravity of the 
Sun and Mercury ; the focus of the Earth's Orbit in the com- 
mon center of gravity of the Sun, Mercury, and Venus; the 
focus of the Orbit of Mars in the common center of gravity of 
the Sun, Mercury, Venus, and the Earth; and fo of the reſt, 
Yet the focuſes of the Orbits of all the Planets, except Saturn, 
will not be ſenſibly removed from the center of the Sun; nor 
will the focus of Saturn's Orbit recede ſenſibly from the com- 
mon center of gravity of the Sun and Jupiter, 
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ſmall motion round the center of gravity of the 
Syſtem. All the Planets, as ſeen from him, move 
the ſame way, and according to the order of the 
Signs in the graduated Circle d 8 u, &c. which 
repreſents the great Ecliptic in the Heavens: but, 
as ſeen from any one Planet, the reſt appear ſome- 
times to go backward, ſometimes forward, and 
ſometimes to ſtand ſtill; not in circles nor ellipſes, 
but* in looped curves, which never return into 
themſelves. The Comets come from all parts of 
the Heavens, and move in all forts of directions. 
19. Having mentioned the Sun's turning round 
his axis, and as there will be frequent occaſion to 
ſpeak of the like motion of the Earth and other 
Planets, it is proper here to inform the young Tyro 
in Aſtronomy, that neither the Sun nor Planets 
have material axe to turn upon, and ſupport them, 
as in the little imperfect machines contrived to 
repreſent them. For the axis of a Planet is a line 
conceived to be drawn through its center, about 
which it revolves as if on a real axis. The extre- 
mities of this line, terminating in oppoſite points 
of the Planet's ſurface, are called its Poles. That 
which points toward the northern part of the 
Heavens, is called the Nortb Pole; and the other, 
pointing toward the ſouthern part, is called the 
South Pole. A bow] whirled from one's hand into 
the open air, turns round ſuch a line within itſelf, 
while it moves forward; and ſuch are the lines 
we mean, when we ſpeak of the Axes of the 
Heavenly bodies. 
20, Let us ſuppoſe the Earth's Orbit to be a 
thin, even, ſolid plane; cutting the Sun through 
the center, and extended out as far as the Starry 
Heavens, where it will mark the great Circle called 
the Ecliptic. This Circle we ſuppoſe to be divided 
into 12 equal parts, called Signs; each Sign into 
30 equal parts, called Degrees; each Degree into 
60 equal parts, called Minutes; and every Minute 
As repreſented in Plate III. Fig. I. and deſcribed 5 138, 
into 
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r equal parts, called Seconds: ſo that a Second 
1 22 of a Minute; a Minute the 6oth 
part of a Degree; and a Degree the 360th part of 
aCircle, or 3oth part of a Sign. The Planets of 
the Orbits of all the other Planets likewiſe cur the 
Sun in halves; but extended to the Heavens, form 
Circles different from one another, and from the 
Ecliptic; one half of each being on the north 
fide, and the other on the ſouth ſide of it. Conſe- 
quently the Orbit of each Planet croſſes the Echp- 
tic in two oppoſite points, which are called the Pla- 
net's Nodes. Theſe Nodes are all in different parts 
of the Ecliptic; and therefore, if the planetary 
Tracks remained viſible in the Heavens, they 
would in ſome mcaſure reſemble the different ruts 
of waggon- wheels croſſing one another in different 
parts, but never going far aſunder. That Node, 
or Interſection of the Orbit of any Planet with the 
Earth's Orbit, from which the Planet aſcends north- 
ward above the Ecliptic, is called the Aſcending 
Node of the Planet: and the other, which is di- 
rectly oppoſite thereto, is called its De/cending Node. 
Saturn's Aſcending Node“ is in 21 deg. 32 min. of 
Cancer s, Jupiter's in 8 deg. 49 min. of the ſame 
Sign, Mars's in 18 deg. 22 min. of Taurus 8, 
Venus's in 14 deg. 44 min, of Gemini n, and 
Mercury's in 16 deg. 2 min. of Taurus, Here 
we conlider the Earth's Orbit as the ſtandard, and 
the Orbits of all the other Planets as oblique to it. 
21. When we ſpeak of the Planets Orbits, all 
that is meant is their paths through the open and 
unreſiſting Space in which they move; and are 
kept in by the attractive power of the Sun, and 
the projectile force impreſſed upon them at firlt : 
between which power and force there is ſo exact 
an adjuſtment, that they continue in the ſame 
tracks without any ſolid Orbits to confine them. 


In the year 1790. 
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22, Mxrcvsy, the neareſt Planet to the Sun, 
goes round him in the circle marked $, in 87 
days 23 hours of our time nearly; which is the 
length of his year. But being ſeldom ſeen, and 
no ſpots appearing on his ſurface or diſc, the time 


of his rotation on his axis, or the length of his 


May be in- 
havited. 


Has like 
phaſes with 
the Moon. 


days and nights is as yet unknown. His diſtance 
from the Sun is computed to be 32 millions of 
miles, and his diameter 2600. In his courſe 
round the Sun, he moves at the rate of 95 thou- 
ſand miles every hour. His light and heat from 
the Sun are almoſt ſeven times as great as ours; 
and the Sun appears to him almoſt ſeven times as 
large as to us. The great heat on this Planet is 
no argument againſt its being inhabited ; ſince 
the Almighty could as eaſily ſuit the bodies and 


conſtitutions of its inhabitants to the heat of their 


dwelling, as he has done ours to the temperature 
of our Earth. And it is very probable that the 
people there have ſuch an opinion of us, as we 
have of the inhabitants of Jupiter and Saturn; 
namely, that we muſt be intolerably cold, and 
have very little light at ſo great a diſtance from 
the Sun. 5 

23. This Planet appears to us with all the vari- 
ous phaſes of the Moon, when viewed at different 
times by a good teleſcope: ſave only that he 
never appears quite Full, becauſe his enlightened 
ſide is never turned directly toward us, but when 
he is ſo near the Sun as to be loſt to our ſight in 
its beams. And, as his enlightened ſide is always 
toward the Sun, it is plain that he ſhines not by any 
light of his own; for if he did, he would con- 
ſtantly appear round. That he moves about the 
Sun in an Orbit within the Earth's Orbit, is alſo 
plain (as will be more largely ſhewn by and by, 
$ 141, & ſeg.) becauſe he is never ſeen oppoſite 
to the Sun, nor above 56 times the Sun's breadth 


from his center, f 
24. His 
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24. His Orbit is inclined ſeven degrees to the 
Ecliptic ; and that Node, & 20, from which he 
aſcends Northward above the Ecliptic, is in the 
16th degree of Taurus; and the oppoſite Node is 
in the 16th degree of Scorpio. The Earth is in 
theſe points on the 7th of November and th of May; 
and when Mercury comes to either of his Nodes 
at his “ inferior Conjunction about theſe times, he 
will appear to paſs over the diſc or face of the Sun, 
like a dark round ſpot. But in all other parts of 
bis Orbit his Conjunctions are inviſible, becauſe 
he either goes above or below the Sun. 

25. Mr. Wnisrox has given us an account of 
ſeveral periods at which Mercury may be ſeen on 
the Sun's diſc, viz. In the year 1782, Nov. 12th, 
at 3h. 44 m. in the afternoon; 1786, May 4th, 
at 6 h. 57 m. in the forenoon ; 1789, Nov. 5th, at 
3h. 55 m. in the afternoon; and 1799, May 7th, 
at 2 h. 34 m. in the afternoon. There will be 
{ſeveral intermediate Tranſits, but none of them 
viſible at London. 


26. Venvs, the next Planet in order, is com- 
puted to be 59 millions of miles from the Sun; 
and by moving at the rate of 69 thouſand miles 
every hour in her Orbit, in the circle marked ę, ſhe 
goes round the Sun in 224 days 17 hours of our 
time, nearly; in which, though it be the full 
length of her year, ſhe has only 91 days, accord- 
ing to BIANCHINI's obſervations}; ſo that, to her, 

every 

* When he is between the Earth and the Sun in the nearer 
part of his Orbit. 

+ The elder Cafſini had concluded from obſervations made 
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by himſelf in 1667, that Venus revolved on her axis in a little 


more than 23h. becauſe in 24h. he found that a ſpot on her 
ſurface was about 15% more advanced than it was the day 


before; and it appeared to him that the ſport was very ſenſibly | 


advanced in a quarter of an hour, In 1728, Bianchint pub- 
liſhed a ſplendid work, in folio, at Rome, entitled Heſperi et 
Pb; bori nova phanomena; in which are the obſervations here 
| referred 
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PLATE I. every day and night together is as long as 247 days 
and nights with us. This odd quarter of a day in 
every year makes every fourth year a leap-year to 
Venus; as the like does to our Earth. Her dia- 
meter is 7906 miles; and by her diurnal motion 
the inhabitants about her Equator are carried 3 
miles every hour, beſide the 69,000 above-men- 
tioned, 

Her Orbit 27. Her Orbit includes that of Mercury within 

lies between +» _ . . *Y 

the Earth it; for at her greateſt Elongation, or apparent di- 

= tance from the Sun, he is 96 times the breadth 

; of that luminary from his center; which 1s almoſt 
double of Mercury's greateſt Elongation, Her 
Orbit is included by the Earth's; for if it were 
not, ſhe might be ſeen as often in Oppoſition to 
the Sun, as ſhe is in Conjunction with him; but 
ſhe was never ſeen go degrees, or a fourth part of 
a Circle, from the Sun, 

She izour 28. When Venus appears weſt of the Sun, ſhe 

ondevering ri ſes before him in the morning, and is called the 

Star by); Morning Star: when ſhe appears eaſt of the Sun, 

— ſhe ſhines in the evening after he ſects, and is then 
called the Evening Star : being each in its turn 
for 250 days. It may perhaps be ſurpriſing at 
firſt, that Venus ſhould keep longer on the eaſt or 
welt of the Sun, than the whole time of her Pe- 
riod round him. But the difficulty vaniſhes when 
we conſider that the Earth 1s all the while going 
round the Sun the ſame way, though not ſo quick 
as Venus: and therefore her relative motion to 


referred to. Bianchini agrees perfectly with Caſſini that the 
ſpois, which are ſcen on the ſurface of Venus, advanced about 
15* 1n-2.;h, dut he aſſerts that he could not perceive they had 
| m:de any agvance in 3h. and therefore concludes, that inſtead 
of miking one complete revolution and 15 of another, as 
Callini conjectured, in 24h. thoſe ſpots advance but the odd 
1” in that time, and that the time of a revolution is ſome- 
what more than 24 days. The arguments in favour of the 
two hypotheſes are very equal; but almoſt every aſtronomer, 
except {elr. Ferguſon, has adopted Caſſini's. 


the 


1 
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the Farth muſt in every period be as much ſlower 
than her abſolute motion in her Orbit, as the 


Earth during that time advances forward in the 


Ecliptic ; which is 220 degrees. To us ſhe ap- 
pears through a teleſcope in all the various ſhapes 


of the Moon. 133 
29. The Axis of Venus is inclined 75 degrees 


to the Axis of her Orbit; which is 514 degrees 


more than our Earth's Axis is inclined to the Axis 
of the Ecliptic : and therefore her ſeaſons vary 
much more than ours do. The North Pole of her 
Axis inclines toward the 20th degree of Aqua- 
rivs, our Earth's to the beginning of Cancer; 
conſequently the northern parts of Venus have 
ſummer in the Signs where thoſe of our Earth 
have winter, and vice verſd. | 

30. The * artificial day at each Pole of Ve- 
nus is as long as 1124 f natural days on our 
Earth. 

31. The Sun's greateſt Declination on each 
ſide of her Equator amounts to 75 degrees; there- 
fore her Þ Tropics are only 15 degrees from her 
Poles; and her || Polar Circles as far from her 
Equator. Conſequently the Tropics of Venus 


are between her Polar Circles and her Poles; 


contrary to what thoſe of our Earth are. 

32. As her annual Revolution contains only 91 
of her days, the Sun will always appear to go 
through a whole Sign, or twelfth part of her 


Orbit, in a little more than three quarters of her 


* The time between the Sun's rifing and ſetting. 
. One entire revolution, or 24 hours. 

1 Theſe are leſſer circles parallel to the Equator, and as 
many degrees from it, toward the Poles, as the Axis of the 
Planet is inclined to the Axis of its Orbit. When the Sun is 
advanced ſo far north or ſouth of the Equator, as to be directly 
over either Tropic, he goes no farther; but returns toward 
the other, 

|| Theſe are leſſer circles round the Poles, and as far from 
them as the Tropics are from the Equator. The Poles are 
the very north and ſouth points of the Planet. 
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natural day, or nearly in 184 of our days and 
nights. 

33. Becauſe her day is ſo great a part of her 
year, the Sun changes his Declination in one day 
ſo much, that if he paſſes vertically, or directly 
over head of any given place on the Tropic, the XR 
next day he will be 26 degrees from it : and what- WV 
ever place he paſſes vertically over when in the 
Equator, one day's revolution will remove him 
364 degrees from it. So that the Sun changes 
his Declination every day in Venus about 14 de- 
grees more, at a mean rate, than he does in a quar- 
ter of a year on our Earth. This appears to be 
providentially ordered, for preventing the too 


great effects of the Sun's heat(which is twice as great 


on Venvs as on the Earth) to that he cannot ſhine 
perpendicularly on the ſame places for two days 
together; and on that account, the heated places 
have time to cool. —— 

34. If the inhabitants about the North Pole of 
Venus fix their South, or Meridian Line, through 
that part of the Heavens where the Sun comes to 
his greateſt Height, or North Declination, and cal! 
thoſe the eaſt and weſt points of their Horizon, 
which are go degrees on each ſide from that point 
where the Horizon is cut by the Meridian Line, 
theſe inhabitants will have the following remark- 
able appearances. 1 

The Sun will riſe 221 degrees“ north of the | 


the plane of the Horizon, he will croſs the Me- 
ridian at an altitude of 124 degrees; then making 
an entire revolution without ſetting, he will croſs 
it again at an altitude of 48+ degrees; at the 
next revolution he will croſs the Meridian as he 
comes to his greateſt height and declination, at the 


* A Degree is a 360th part of any Circle. See 5 21. 9 * 
+ The limit of any inhabitant's view, where the Sky ſeems _ 
to touch the Planet all round him. 


altitude 


* 
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altitude of 75 degrees ; being then only 1 5 degrees Smeg 


from the Zenith, or that point of the Heavens at her Poles, 
which is directly over head: and thence he will 
= Ageſcend in the like ſpiral manner; croſſing the 
Meridian firſt at the altitude of 484 degrees; next 
gat the altitude of 124 degrees; and going on thence 
1121 degrees, he will ſet 224 degrees north of the 
weſt ; ſo that, after having been 47 revolutions 
above the Horizon, he deſcends below it to exhibit 
8 : the like appearances at the South Pole. 
35. At each Pole, the Sun continues half a year 
*XE without ſetting in ſummer, and as long without 
2 riſing in winter; conſequently the polar inhabit- 
ants of Venus have only one day and one night in 
the year; as it is at the Poles of our Earth. Bur 
the difference between the heat of ſummer and cold 
of winter, or of mid-day and mid- night, on Ve- 
nus, is much greater than on the Earth: becauſe 
on Venus, as the Sun is for half a year together 
above the Horizon of each Pole in its turn, ſo he 
is for a conſiderable part of that time near the Ze- 
nith; and during the other half of the year always 
below the Horizon, and for a great part of that 
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XX time atleaſt 70 degrees from it. Whereas, at the 
2X Poles of our Earth, although the Sun is for half a 
© year together above the Horizon; yet he never aſ- 
XX Ccends above, nor deſcends below it, more than 233 
degrees. When the Sun is in the Equinoctial, or 
rin that Circle which divides the northern half of 


the Heavens from the ſouthern, he is ſeen with 
one half of his Diſc above the Horizon of the 
*X North Pole, and the other half above the Horizon 
of the South Pole; ſo that his center is in the Hori- 
on of both Poles: and then deſcending below the 
Horizon of one, he aſcends gradually above that 
et the other. Hence, in a year, each Pole has one 
ſpring, one autumn, a ſummer as long as them 


both, and a winter equal in length to the other 
three ſeaſons, 


36. At 
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36. Atthe Polar Circles of Venus, the ſeaſons 
are much the ſame as at the Equator, becauſe 
there are only 15 degrees between them, § 31; 
only the winters are not quite ſo long, nor the 
ſummers ſo ſhort: but the four ſeaſons come twice 
round every year. | 

37. Ar Venus's Tropics, the Sun continues for 
about fifteen of our weeks together without ſetting 
in ſummer; and as long without riſing ia winter. 
While he is more than 15 degrees from the Equa— 
tor, he neither riſes to the inhabitants of the one 
Tropic, nor ſets to thoſe of the other: whereas, 
at our terreſtrial Tropics, he riſes and ſets every 
day of the year. I 

38. At Venus's Tropics, the Seaſons are much 
the ſame as at her Poles ; only the ſummers are a 
little longer, and the winters a little ſhorter. 

39. Ar her Equator, the days and nights are 
always of the ſame length; and yet the diurnal 
and nocturnal Arches are very different, eſpecially 
when the Sun's declination 1s about the greateſt; 
for then, his meridian altitude may ſometimes be 
twice as great as his midnight depreſſion, and at 
other times the reverſe. When the Sun is at his 
oreateſt declination, either north or ſouth, his 
rays are as oblique at Venus's Equator, as they 
are at London on the ſhorteſt day of winter. 
Therefore, at her Equator there are two winters, 
two ſummers, two ſprings, and two autumns every 
year. 
near the Tropics, and paſſes ſo quickly over the 
Equator, every winter there will be almoſt twice as 
long as ſummer : the four ſeaſons returning twice 
in that time, which conſiſts only of 94 days. 

40. Thoſe parts of Venus which lie between the 
Poles and Tropics, and between the Tropics and 
Polar Circles, and alſo between the Polar Circles 
and Equator, partake more or leſs of the Pheno- 
mena of theſe Circles, as they are more or leſs dil- 
tant from them. | 

4 | 41. From 
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41. From the quick change of the Sun's decli- 
nation it happens, that if he riſes due caſt on any 
day, he will not ſet due weſt on that day, as with 
us; for if the place where he riſes due eaſt be on 
the Equator, he will ſet on that day almoſt weſt- 
north-weſt; or about 184 degrees north of the 
weſt. But if the place be in 45 degrees north lati- 
rude, then on the day'that the Sun riſes due eaſt 
he will ſet north-weſt by welt, or 33 degrees north 
of the weſt. And in 62 degrees north latitude, 
when he riſes in the eaſt, he ſets not in that revo- 
lution, but juſt touches the Horizon 10 degrees to 
the weſt of the north point: and aſcends again, 
continuing for 3z revolutions above the Horizon 
without ſetting. Therefore no place has the fore- 
noon and afternoon of the ſame day equally long, 
unleſs it be on the Equator, or at the Poles. 

42. The Sun's altitude at noon, or any other 
time of the day, and his amplitude at riſing and 
ſetting, being very different at places on the ſame 

arallel of latitude, according to the different lon- 
gitudes of thoſe places, the longitude will be almoſt 
as caſily found on Venus, as the latitude is found 
on the Earth : which is an advantage we can never 
have, becauſe the daily change of the Sun's decli- 
nation 1s by much too ſmall for that important 


purpoſe. 


43. On this Planet, where the Sun croſſes the 
quator in any year, he will have 9 degrees of 
declination from that place on the ſame day and 
hour next year; and will crofs the Equator go de- 
grees farther to the welt; which makes the time 


of the Equinox a quarter of a day (or about ſix of 


our days) later every year, Hence, although the 


ſpiral in which the Sun's motion is performed be 


of the ſame fort every year, yet it will not be the 
very ſame, becauſe the Sun will not paſs vertically 
over the ſame places till four annual revolutions 
are finithed. 


C 44, We 
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— 44. We may ſuppoſe that the inhabitants of 
th year . 
a leap year Venus will be careful to add a day to ſome par- 
to Venus. ticular part of every fourth year; which will keep 
the ſame ſeaſons to the ſame days. For, as the b 5 
great annual change of the Equinoxes and Solſtices 
ſhifts the ſeaſons a quarter of a day every year; 
they would be ſhifted through all the days of the 
year in 36 years. But by means of this inter- 
calary day, every fourth year will be a leap-year, 
which will bring her time to an even reckoning, 
and keep her Calendar always right. 
ar 45. Venus's Orbit is inclined 3 degrees 24 mi- 
on the Sun. nutes to the Earth's ; and croſſes it in the «5th de- 
gree of Gemini and of Sagittarius; and therefore, 
when the Earth 1s about theſe points of the Eclip- 
tic at the time that Venus is in her inferior conjunc- 
tion, ſhe will appear like a ſpot on the Sun, and 
afford a more certain method of finding the diſtances 
of all the Planets from the Sun, than any other yet 
known. But theſe appearances nappen very ſel- 
dom; and will be only twice viſible at London fort- 
one hundred and ten years to come. The firſt 
time will be in 176t, June the 6th, in the morn- 
ing; and the ſecond in 1769, on the 3d of Fun: © 
in the evening. Excepting ſuch Tranſits as theſe, ® 
ſhe ſhews the ſame appearances to us regularly RM 
every eight years; her Conjunctions, Elongations, 
and Times of riling and ſetting, being very nearly 
the ſame, on the ſame days as before, 1 
She my 46. Venus may have a Satellite or Moon, al- 
— a. though it be undiſcovered by us: which will not 
thoueh we appear very ſurpriſing, if we conſider how incon- ll 
. veniently we are placed for ſeeing it. For its en- 
lightened fide can never be fully turned toward 
us, but when Venus is beyond the Sun; and then, 
as Venus appears little bigger than an ordinary 2 
| Star, her Moon may be too ſmall to be perceived 
at ſuch a diſtance. When ſhe is between us and 
the Sun, her full Moon has its dark fide toward 
. us; and then we cannot ſce it any more than we in 
3 can 
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can our own Moon at the time of Change. When 
KEE Venus is at her greateſt Elongation, we have but 
one half of the enlightened fide of her full Moon 
KEE toward us; and even then it may be too far diſ- 
tant to be ſcen by us. But if ſhe has a Moon, it 
may certainly be ſecn with her upon the Sun, in 
the year 1761; unleſs its Orbit be conſiderably 
inclined to the Ecliptic: for if it ſnould be in 
conjunction or oppoſition at that time, we can 
hardly imagine that it moves ſo ſlow as to be hid 
by Venus all the ſix hours that ſhe will appear on 
the Sun's Diſc ®. | | 


47. The EarTH is the next Planet above Ve- The Earth. 
nus in the Syſtem. Ir is 82 millions of miles Fig. I. 
from the Sun, and goes round him, in the circle@, 
in 365 days 5 hours 49 minutes, from any Equi- 
nox or Solſtice to the ſame again: but from any 
fixed Star to the ſame again, as ſeen from the Sun, 
in 365 days 6 hours and g minutes; the for- wal 
mer being the length of the Tropical year, and mution. 
the latter the length of the Sydereal. It travels 
at the rate of 5$ thouſand miles every hour; 
which motion, though 120 times ſwifter than that 
of a cannon-ball, is little more than half as ſwift 
as Mercury's motion in his Orbit. The Earth's 
diameter is 7970 miles; and by turning round its 
Axis every 24 hours from Welt to Eaſt, it cauſes 
an apparent diurnal motion of all the hcavenly 
Bodics from alt to Weſt. By this rapid motion 
of the Earth on its Axis, the inhabitants about 
the F.quator are carried 1042 miles every hour, 
while thoſe on the parallel of London are carried 
only about 380, beſide the 53 thouſand miles by 
the annual motion above- mentioned, which is 
common to all places whatever. | 

48. The Earth's Axis makes an angle of 231 Inclination 


degrees with the Axis of its Orbit; and kcess 
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C3 always 


— — — F.... oy” 7 as 
— — te - wen r — — 
8 Wwe _— — — 
2 — — — — * 
* I * — — 1 8 


— 
— 


20 


A proof of 
its being 
round. 


Ie number 
of ſquare 
miles, » 


% 
The pro- 
portion of 
land and ſee, 


Of the Solar Syſtem. 


always the ſame oblique direction; inclining to- 
ward the ſame fixed Stars “ throughout its annual 
courſe, which cauſes the returns of ſpring, ſum- 
mer, autumn, and winter; as will be explained 
at large in the tenth Chapter. 

49. The Earth is round like a globe; as ap- 
pears, 1. By its ſhadow in Eclipſes of the Moon; 
which ſhadow is always bounded by a circular line, 
§ 314. 2. By our ſeeing the maſts of a ſhip while 


the hull is hid by the convexity of the water, 


3. By its having been failed round by many na- 
vigators, The hills take off no more from the 
roundneſs of the Earth in compariſon, than grains 
of duſt do from the roundneſs of a common 
Globe. 

50. The ſeas and unknown parts of the Earth 
(by a meaſurement of the beſt Maps) contain 160 
million 522 thouſand and 26 ſquare miles; the 
inhabited parts 33 million 990 thouſand 569: 
Europe 4 million 456 thouſand and 65; Ala 10 
million 768 thouſand 823; Africa 9 million 654 
thouſand 807 ; America 14 million 110 thouſand 
874. In all, 199 million 512 thouſand 595 
which is the number of ſquare miles on the whole 
ſurface of our Globe. 

51. Dr. Lox, in the firſt volume of his Aſtro- 
nomy, p. 168, mentions an ingenious and eaſy me-. 
thod of finding nearly what proportion the land 


bears to the ſea ; which 1s, to take the papers of a 
large terreſtrial globe, and after ſeparating the land 


from the ſea with a pair of ſciſſars, to weigh them 
carefully in ſcales. This ſuppoſes the globe to be 
exactly delineated, and the papers all of equal 
thickneſs. The Doctor made the experiment on 


* This is not ſtrictly true, as will appear when we come to 
treat of the Receſſion of the Equinoclial Points in the Heavens, 
& 246; which receſſion is equal to the deviation of the Earth's 
Axis from its paralleliſm ; but this is rather too ſmall to be 
ſenſible in an age, except to thoſe who make very nice obſer- 
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the papers of Mr. Senzx's ſeventeen-inch globe; 
and found that the ſea-papers weighed 349 grains, 
and the land only 124: by which it appears that 
almoſt three-fourth parts of the ſurface of our 
Farth between the Polar Circles are covered with 
water, and that little more than one-fourth is dry 
land. The Doctor omitted weighing all within 
the Polar Circles; becauſe there 1s no certain 
meaſurement of the land within them, ſo as to 
know what proportion it bears to the ſea, 


52. The Moon is not a Planet, but only a 
Satellite or Attendant of the Earth; going round 
the Earth from Change to Change in 29 days 12 
hours and 44 minutes; and round the Sun with 
it every year. The Moon's diameter 1s 2180 
miles; and her diſtance from the Earth's center 
240 thouſand. She goes round her Orbit in 27 
days 7 hours 43 minutes, moving about 2290 
miles every hour ; and turns round her Axis ex- 


actly in the time that ſhe goes round the Earth, 


which is the reaſon of her keeping always the 
fame ſide toward us, and that her day and night 
taken together is as long as our lunar month. 

53. The Moon is an opaque Globe like the 
Earth, and ſhines only by reflecting the light of 
the Sun : therefore while that half of her which is 
toward the Sun is enlightened, the other half muſt 
be dark and inviſible. Hence, ſhe diſappears 
when ſhe comes between us and the Sun; be- 
cauſe her dark fide is then toward us. When 
the is gone a little way forward, we ſee a little of 
her enlightened fide: which ſtill increaſes to our 
view, as ſhe advances forward, until the comes to 
be oppoſite to the Sun; and then her whole en— 
lightened fide is toward the Farth, and ſhe appears 
with a round illumined Orb, vb ich we call the Full. 
Moon; her dark fide being then turned away from 
the Earth. From the Full ſhe ſeems to decreaſe 
gradually as ſhe goes through the other half of her 
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courſe; ſhewing vs leſs and leſs of her enlightened 
ſide every day, till her next change or conjunction 
with the Sun, and then ſhe diſappears as before, 

54. This continual change of the Moon's phaſes 
demonſtrates that ſhe ſhines not by any light of 
her own; for if ſhe did, being globular, we 
ſhould always ſee her with a round full Orb like 
the Sun. Her Orbit is repreſented in the ſcheme 
by the little circle n, upon the Earth's Orbit &; 


but it is drawn fifty times too large in proportion' 


to the Earth's; and yet is almoſt too ſmall to be 


One half of 
her alwavs 
enlightened, 


{cen in the- Diagram. 
55. The Moon has ſcarce any difference of ſea— 
ſons; her Axis being almoſt perpendicular to the 


Ecliptic. What is very ſingular, one half of her 


Our Farth 
is her Moon. 


has no darkneſs at all; the Earth conſtantly afford— 
ing it a ſtrong light in the Sun's abſence ; while 
the other half has a fortnight's darkneſs and a fort- 
night's light by turns. | 


56. Our Earth is a Moon to the Moon, waxing 


and weaning regularly, but appearing thirteen 
times as big, and affording her thirteen times as 
much light, as ſhe does to us. When ſhe changes 
to us the Earth appears full to her; and when ihe 
is in her firſt quarter to us the Earth is in its 

third quarter to her; and vice verd. 
£7. But from one half of the Moon, the Earth 
is never ſeen at all: from the middle of the other 
half, it is always ſeen over head ; turning round 
almoſt thirty times as quick as the Moon does. 
From the circle which limits our view of the 
Moon, only one half of the Earth's fide next her is 
ſeen; the other half being hid below the Horizon 
of all places on that circle, To her, the Earth 
ſeems to be the biggeſt body in the Univerſe; for 
it appears thirteen times as big as ſhe does to vs. 
58. The Moon has no atmoſphere of any vili- 
ble denſity ſurrounding her as we have: for if ſhe 
had, we could never ſee her edge fo well defined 
as it appears; but there would be a ſort of a miſt 
or 
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or hazineſs around her, which would make the 
Stars look fainter, when they are ſeen through it. 


But obſervation proves, that the Stars which diſap- A proof of 


ear behind the Moon, retain their full luſtre until 


they ſeem to touch her very edge, and then they Armo- 


vaniſh in a moment. This has been often obſerved 
by Aſtronomers, but particularly by Cassixi of 
the Star ꝙ in the breaſt of Virgo, which appears 
ſingle and round to the bare eye; but through a 
reſracting Teleſcope of 16 feet appears to be two 
Stars ſo near together, that the diſtance between 
them ſeems to be but equal to one of their appa- 
rent diameters. The Moon was obſerved to paſs 
over them on the 21ſt of April 1720, N. S. and as 
her dark edge drew near to them, it cauſed no 
change in their colour or ſituation. At 25 min, 
14 ſec. paſt 12 at night, the moſt weſterly of theſe 
Stars was hid by the dark edge of the Moon: and 
in zo ſeconds afterward, the molt eaſterly Star was 
hid : each of them diſappearing behind the Moon 
in an inſtanr, without any preceding diminution 
of magnitude or brightneſs; which by no means 
could have been the caſe if there were an Atmo- 
ſphere round the Moon ; for then, one of the Stars 
falling obliquely into it before the other, ought by 
refraction to have ſuffered ſome change in its co- 
lour, or in its diſtance from the other Star which 
was not yet entered into the Atmoſphere. But no 
ſuch alteration could be perceived, though the ob- 
ſervation was performed with the utmoſt attention 
to that particular; and was very proper to have 
made ſuch a diſcovery. The faint light which has 
been ſeen all round the Moon, in total Eclipſes of 
the Sun, has been obſerved, during the time of 
darkneſs, to have its center coincident with the 
center of the Sun; and was therefore much more 
likely to ariſe from the Atraoſphere of the Sun 
than from that of the Moon ; for if it had been 
owing to the latter, its center would have gone 
along with the Moon's. 
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$9. If there were ſeas in the Moon, ſhe could 


have no clouds, rains, nor ſtorms, as we have; 


becauſe ſhe has no ſuch Atmoſphere to ſupport 
the vapours which occaſion them. And every one 
knows, that when the Moon is above our Horizon 
in the night-time ſhe is viſible, unleſs the clouds 
of our Atmoſphere hide her from our view; and 
all parts of her appear conſtantly with the ſame 
clear, ſerene, and calm aſpect. But thoſe dark 
parts of the Moon, which were formerly thought 
to be ſeas, are now found to be only vaſt deep 
cavities, and places which reflect not the Sun's 
light ſo ſtrongly as others, having many caverns 
and pits whoſe ſhadows fall within them, and are 
always dark on the ſides next the Sun; which de- 
monſtrates their being hollow : and moit of theſe 
pits have little knobs like hillocks ſtanding within 
them, and caſting ſhadows alſo; which cauſe theſe 
places to appear darker than others which have 
fewer, or leſs remarkable caverns. All thele ap— 


pearances ſhew that there are no ſeas in the Moon; 


for if there were any, their ſurfaces would appear 
fmooth and even, like thoſe on the Earth. 

60. There being no Atmoſphere about the 
Moon, the heavens in the day-time have the ap- 
pearance of night to a Lunarian who turns his 


back toward the Sun; and when he does, the 


Stars appear as bright to him as they do in the 
night to us, For, it is entirely owing to our At- 
moſphere that the Heavens are bright about us in 
the day, g 

61. As the Earth turns round its Axis, the 
ſeveral continents, ſeas, and iſlands appear to the 
Moon's inhabitants like ſo many ſpots of different 
forms and brightneſs, moving over its ſurface; 


but much fainter at ſome times than others, as our 


clouds cover them or leave them. By theſe ſpots 
the Lunarians can determine the time of the 
Farth's diurnal motion, juſt as we do the motion 
of the Sun: and perhaps they mealure their time 


by 
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by the motion of the Earth's ſpots; for they can- 


not have a truer dial. 


62. The Moon's Axis is ſo nearly perpendicular 
to the Ecliptic, that the Sun never removes ſen— 


* ſibly from her Equator : and the * obliquity of 
her Orbit, which is next to nothing as ſeen from 
the Sun, cannot cauſe the Sun to decline ſenſibly 
from her Equator. Yet her inhabitants are not 
Z deſtitute of means for aſcertaining the length of 
© their year, though their method and ours mult 
= differ. For we can know the length of our 
= year by the return of our Equinoxes; but the 
Z Lunarians, having always equal day and night, 
= muſt have recourſe to another method; and we 
may ſuppoſe, they meaſure their year by obſerving 
when either of the Poles of our Earth begins to 
be enlightened, and the other to diſappear, which 
is always at our Equinoxes; they being conve— 
= niently ſituated for obſerving great tracks of land 
about our Earth's Poles, which are entirely un- 
# known to vs. Hence we may conclude, that the 
year is of the ſame ablolute length both to the 
Earth and Moon, though very different as to the 
X number of days: we having 3651 natural days, 

and the Lunarians only 125 every day and night 


in the Moon being as long as 29 on the Earth. 
63. The Moon's inhabitants on the ſide next 


the Earth may as eaſily find the longicude of their 
places as we can find the latitude of ours. For 


the Earth keeping conſtantly, or very nearly ſo, 
over one Meridian of the Moon, the eaſt or weſt 


diſtances of places from that Meridian are as caſily 


found, as we can find our diſtance from the 


1 Equator by the Altitude of our celeſtial Poles. 


* The Moon's Orbit croſſes the Feliptie ih two oppoſite 


5 points, called the Moon's Nodes; ſo that one half of ber Or- 
bis 15 above the Ecliptic, and the other half below it. Ine 


Angie of its Obliquity is 5* degices, 
64. The 
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PLATEL. 64. The Planet Mars is next in order, being 


be. 


" the firſt above the Earth's Orbit. His diſtance 


from the Sun is computed to be 125 million of 

miles; and by travelling at the rate of 47 thou- 

Fig. 1. ſand miles every hour, in the circle &, he gots 
round the Sun in 686 of our days and 23 hours, 
which is the length of his year, and contains 6672 
of his days; every day ard night together being 
40 minutes longer than with us. His diameter is 
4444 miles, and by his diurna! rotation the inha- 
bitants about his Equator are carried 556 miles 
every hour. His quantity of light and heat is 
equal but to one half of ours; and the Sun appears 
but half as big to him as to us. 

65. This planet being but a fifth part ſo big as 
the Earth, if any Moon attends him, it mult be 
very ſmall, and has not yet been diſcovered by 
our beſt teleſcopes. He is of a fiery red colour, 

and by his Appulſes to ſome of the fixed Stars, 
— ſeems to be encompaſſed by a very groſs Atmo- 
1 ſphere. He appears ſometimes gibbous, but never 
horned; which both ſhews that his Orbit includes 
the Earth's within it, and that he ſhines not by his 

own light, 

66. To Mars, our Faith and Moon appear 
like two Moons, a bigger and a leſs: changing 
places with one another, and appearing ſometimes 
horned, ſometimes half or three quarters illumi— 
nated, but never full; nor at moſt above one 
quarter of a degree from each other, although am 
they are 240 thouſand miles aſunder, | = 

Hor the 67. Our Earth appears almoſt as big to Mars 
_— as Venus does to us, and at Mars it is never ſcen 
10 Marg, above 48 degrees from the Sun.; ſometimes it 
appears to paſs over the Diſc of the Sun, and ſo 

do Mercury and Venus: But Mercury can never 

be ſeen from Mars by ſuch eyes as ours, unaſſiſted 

by proper inſtruments ;. and Venus will be as ſel- 8 

dom ſeen as we ſee Mercury. Jupiter and Saturn ne 

are as viſible to Mars as to us. His Axis is per- 

| pendicular 
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£1 pendicular tothe Ecliptic, and his Orbit is inclined 
do it in an angle of 1 degree 50 minutes. 


68. JverTeR, the biggeſt of all the Planets, is 


2 ſtill higher in the Syſtem, being about 426 mil- 
lion of miles from the Sun: and going at the rate 
of 25 thouſand miles every hour in his Orbit, 


which is repreſented by the circle. He finiſhes 


his annual period in eleven of our years 314 days 
and 12 hours. He is above 1000 times as big as 
the Earth, for his diameter is 81,000 miles; which 
is more than ten times the diameter of the Earth. 


69. Jupiter turns round his Axis in 9 hours 56 


minutes; ſo that his year contains 10 thouſand 
W 370 days; and the diurnal velocity of his equato- 
rial parts is greater than the ſwiftneſs with which 
he moves in his annual Orbit; a ſingular circum- 
WW ſtance, as far as we know. By this prodigious 


quick Rotation, his equatorial inhabitants are car- 


WE ricd 25 thouſand 920 miles every hour (which is 


920 miles a hour more than an inhabitant of our 


RE Earth's equator moves in twenty-four hours) be- 
ſide the 25 thouſand above-mentioned, which is 


XX common to all parts of his ſurface, by his annual 
motion. 


70. Jupiter is ſurrounded by faint ſubſtances, 
called Belts, in which ſo many changes appear, 
that they are generally thought to be clouds; for 


W ſome of them have been firſt interrupted and bro- 


ken, and then have vaniſhed entirely. They have 


TE ſometimes been obſerved ofdifferent breadths, and 


afterward have all become nearly of the ſame 
breadth. Large ſpots have been ſcen in theſe 


1 | Belts; and when a Belt vaniſhes, the contiguous 
W {pots diſappear with ir. The broken ends of ſome 


Belts have been generally obſerved to revolve in 
the lame time with the ſpots : only thoſe nearer 
the Equator in ſomewhat leſs time than thoſe near 
the Poles ; perhaps on account of the Sun's greater 


beat near the Equator, which is parallel to the 


Belts 
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Belts and courſe of the ſpots. Several large ſpots, 
which appear round at one time, grow oblong by 
degrees, and then divide into two or three round 
ſpots. The periodical time of the ſpots near the 
— is 9 hours 50 minutes, but of theſe near 
the Poles 9 hours 56 minutes. See Dr. Sutrn's 
Optics, & 1004, & ſeg. | 

71. The Axis of Jupiter is ſo nearly perpendi- 
cular to his Orbit, that he has no ſenſible change 
of ſeaſons; which is a great advantage, and wiſely 


ordered by the Author of Nature, For, if the 


Axis of this Planet were inclined any conſiderable 
number of degrees, juſt ſo many degrees round 
each Pole would in their turn be almoſt fix of our 


years together in darkneſs. And, as each degree 


of a great circle on Jupiter contains 706 of our 
miles at a mean rate, it is eaſy to judge what vaſt 
tracks of land would be rendered uninhabitable 
by any conſiderable inclination of his Axis, 

72. The Sun appears but th part ſo big to 
Jupiter as to us; and his light and heat are in the 
ſame ſmall proportion, but compenſated by the 
quick returns thereof, and by four Moons (ſome 
bigger and ſome leſs than our Earth) which re— 
volve about him: ſo that there is ſcarce any part 
of this huge Planet but what is during the whole 


Night enlightened by one or more of theſe Moons, 


except his Poles, whence only the fartheſt Moons 
can be ſeen, and where light is not there wanted, 
becauſe the Sun conſtantly circulates in or near the 
Horizon, and is very probably kept in view of 
both Poles by the refraction of Jupiter's Atmo- 
ſphere, which, if it be like ours, has certainly 
refractive power enough for that purpoſe. 


73. The Orbits of theſe Moons are repreſented 


in the Scheme of the Solar Syſtem by four ſmall 
circles marked 1, 2, 3, 4, on Jupiter's Orbit u; 
but they are drawn fifty times too large in propor- 
tion to it. The firſt Moon, or that neareſt to 
Jupiter, goes round him in 1 day 18 hours and 36 
Minutes 
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: 4 minutes of our time; and is 229 thouſand miles 
y diſtant from his center : The ſecond performs its 
d revolution in 3 days 13 hours and 15 minutes, at 
e 3064 thouſand miles diſtance: The third in 7 
r XR days 3 hours and 39 minutes, at the diſtance of 
3 50 thouſand miles: And the fourth or outer- 

* moſt, in 16 days 18 hours and 30 minutes, at 
bh dhe diſtance of one million of miles from his center. 
e 74. The Angles under which the Orbits of 8 
y ZZ Jupiter's Moons are ſeen from the Earth, as its gi, ang 
e mean diſtance from Jupiter, are as follow: The — 1 
2 firſt, 3 56"; the ſecond, 6' 14; the third, 9 58”; = P 
d and the fourth, 1730“. And their diſtances from 
r ]upiter, meaſured by his ſemidiameters, are thus: 


The firſt, 52; the ſecond, 9; the third, 1443; How be gf 
rand the fourth, 2542 *. This Planet, ſeen from eat 
} its neareſt Moon, appears 1000 times as large as Moon. 
e our Moon does to us; waxing and weaning in all 

her monthly ſhapes, every 424 hours. 

= 75. Jupiter's three neareſt Moons fall into his To erand 
ſhadow, and are eclipſed in every Revolution ; made by the 
but the Orbit of the fourth Moon is ſo much in- — - 
clined, that it paſſes by its oppoſition to Jupiter, Mocas, 
without falling into his ſhadow, two years in 
ercry fix. By theſe Ecliples, Aſtronomers have 
not only diſcovered that the Sun's light takes up 
eight minutes of time in coming to us; but they 
have alſo determined the longirudes of places on 
this Earth with greater certainty and facility, than 
by any other method yet known ; as ſhall be ex- 
plained in the eleventh Chapter. + 

76. The difference between the Equatorial and The great 

Polar diameters of Jupiter is 6230 miles; for his erg 
equatorial diameter is to his polar, as 13 to 12. Equatorial 
So that his Poles are 3115 miles nearer his center ginnen f 
than his Equator is. This reſults from his quick Jupiter, 


motion round his Axis; for the fluids, together 


* Cassix1 Elrmens d' Aftronomi:, Liv. ic. Chap, 3. 
| with 
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with the light particles, which they can carry or 
waſh away with them, recede from the Poles which 


are at reſt, toward the Equator where the motion 
is quickeſt, until there be a ſufficient number ac- 


cumulated to make up the deficiency of gravity 


loſt by the centrifugal force, which always ariſes 
from a quick motion round an axis: and when 
the deficiency of weight or gravity of the particles 
is made up by a ſufficient accumulation, there is 
an equilibrium, and the equatorial parts riſe no 
higher. Our Earth being but a very ſmall Pla. 
net compared to Jupiter, and its motion on its Axis 
being much (lower, it is lefs flattened of courſe: for 
the difference between its equatorial and polar di- 
ameters is only as 230 to 229, namely, 36 miles“. 

77. Jupiter's Orbit is inclined to the Ecliptic 
in an angle of 1 degree 20 minutes. His aſcend- 
ing Node 1s in the 8th degree of Cancer, and his 
deicending Node in the 8th degree of Capricorn, 


78. SATURN, the remoteſt of all the Planets 7, 
is about 780 million of miles from the Sun; and, 
travelling ar the rate of 18 thouſand miles every 
hour, in the circle marked h, performs its annual 
Circuit in 29 years 167 days and 5 hours of our 
time; which makes only one year to that Planer. 
Its diameter is 67,c00 miles: and therefore it is 
near 600 times as big as the Earth. 


* According to the French meaſures, a Degree of the Me. 


ridian at the Eꝗquator contains 340606.68 French Feet: and = 


a Degree of the Meridian in Lapland contains 344627.40: 


ſo-that a Degree in Lapland is 4020.72 French Feet (or nn 


4280.02 Evgliſh Feet) longer than a Degree at the Equator. 


The difference is s parts of an Engliſh Mile.—Hence, the 


Earth's Equatorial Diameter contains 39386196 French Feet, 


or 41926356 Engliſh; and the Polar Diameter 39202920 Win 
French Feet, or 41731272 Engliſh, So that the Equatorial ln 
Diameter is 195084 Engliſh Feet, or 36.948 Engliſh Miles 
longer than the Axis. | 

I The Georgian Planet not diſcovered when this was 
written. | 


79. This 
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59. This Planer is ſurrounded by a thin broad PLATE 1 


Ring, as an artificial Globe is by a Horizon, The is Riag, 


Ring appears double when ſeen through a good 
teleſcope, and is repreſented by the figure in ſuch 


an oblique view as it is generally ſeen. It is in- 
= clincd zo degrees to the Ecliptic, and is about 21 
= :-ouſand miles in breadth ;. which is equal to its 
SW {ance from Saturn on all ſides. There is reaſon 


to believe that the Ring turns round its Axis, be- 


{ cauſe, when ic is almoſt edge-wile to us, it appears 
"EEE {omewhat thicker on one {ide of the Planet than on 
SE the other ; and the chickeft edge has been ſeen on 


different ſides at different times, But Saturn hav- 
ing no viſible ſports on his body, whereby to deter- 
mine the time of his rurning round his Axis, the 


1 length of his days and nights, and the poſition of 
bis Axis, are unknown tous. 


80. To Saturn the Sun appears only th part 


bo big as to us; and the light and heat he receives 


from the Sun are in the ſame proportion to ours. 


Bot to compenſate for the ſmall quantity of ſun- 


light, he has five Moons, all going round him on 
the outſide of his Ring, and nearly in the fame 
plane with it. The firit, or neareſt Moon to Sa- 
turn, gots round him in 1 day 21 hours 19 mi— 
nutes; and is 140 thouſand miles from his center: 
the ſecond, in 2 days 17 hours 40 minutes; at 
the diſtance of 187 thouſand miles: the third, in 
4 days 12 hours 25 minutes; at 263 thouſand miles 
diſtance: The fourth, in 15 days 22 hours 41 mi- 
nutes; at the diſtance of 600 thouſand miles: And 
the fifth, or outermoſt, at one million 800 thou- 
{and miles from Saturn's center, goes round him in 
79 days 7 hours 48 minutes. Their Orhits in the 
Scheme of the Solar Syſtem are repreſented by the 
tive [mall circles, marked 1. 2. 3. 4. 5. on Saturn's 
Orbit; bur theſe, like the Orbits of the other Sa- 


tellites, are drawn fiſty times too large in propor- 


tion to the Orbits of their Primary Planets. 


81. The 
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81.” The Sun ſhines almoſt fifteen of our years 
together on one ſide of Saturn's Ring without ſet. 


ting, and as long on the other in its turn. 80 
that the Ring is viſible to the inhabitants of that 


Planet for almoſt fifteen of our years, and as long 


inviſible by turns, if its Axis has no inclination to 


its Ring: but if the Axis of the Planet be inclined 
to the Ring, ſuppoſe about 30 degrees, the Ring 


will appear and diſappear once every natural day to 
all the inhabitants within 30 degrees of the Equa. 


tor on both ſides, frequently eclipſing the Sun ian 


a Saturnian day. Moreover, if Saturn's Axis be 
ſo inclined to his Ring, it is perpendicular to his 
Orbit; and thereby the inconvenience of different 


ſeaſons to that Planet is avoided, For conſidering 


the length of Saturn's year, which is almoſt equal 
to thirty of ours, what a dreadful condition muſt 8 
the inhabitants of his Polar regions be in, if they 
be half that time deprived of the light and heat of 
the Sun! which is not their caſe alone, if the Axis 
of the Planet be perpendicular to the Ring, for 
then the Ring mult hide the Sun from vaſt tracks 
of land on each ſide of the Equator for 13 or 14 iſ 


of our years together, on the ſouth ſide and north 
fide by turns, as the Axis inclines to or from the 


Sun: the reverſe of which inconvenience is another 


good preſumptive proof of the inclination of Sa- 
turn's Axis to its Ring, and alſo of his Axis be- 
ing perpendicular to his Orbit. 

82. This Ring, ſeen from Saturn, appears like 
a vaſt luminous Arch in the Heavens, as if it did 
not belong to the Planet. When we ſee the Ring 
moſt open, its ſhadow upon the Planet is broadeſt; 
and from that time the ſhadow grows narrower, as 
the Ring appears to do to us; until, by Saturn's 
annual motion, the Sun comes to the Plane of the 
Ring, or even with its edge; which being then 
directed toward us, becomes inviſible on account 
of its thinneſs; as ſhall be explained more largely 


The 
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The Ring diſappears twice in every annual Revo- 
lotion of Saturn, namely, when he is in the 20th e to 
degree both of Piſces and of Virgo. And when — — * 
Saturn is in the middle between theſe points, or in ia what 
= the 20th degree either of Gemini or o Sagittarius, — — 4 
his Ring appears moſt open to us; and then its opea to us, 
losgeſt diameter is to its ſhorteſt, as to 4. 

383. To ſuch eyes as ours, unaſſiſted by inſtru- — 2 
ments, Jupiter is the only Planet that can be ſeen en de cen 
from Saturn; and Saturn the only Planet that can — — 
obe ſeen from Jupiter. So that the inhabitants of n Sauna 
TE theſe two Planets muſt either ſee much farther than e Jupi- 
IE we do, or have equally good inſtruments to carry 
TE their fight to remote objects, if they know that 
there is ſuch a body as our Earth in the Univerſe: 
for the Earth is no bigger ſeen from Jupiter, than 
his Moons are ſeen from the Earth; and if his 
large body had not firſt attracted our fight, and 
prompted our curioſity to view him with a tele- 

W ſcope, we ſhould never have known any thing of 
his Moons; unleſs by chance we had directed 
the teleſcope toward that ſmall part of the Hea- 
= vens where they were at the time of obſervation, 
And the like is true of the Moons of Saturn. 
8. The Orbit of Saturn is 24 degrees inclined e of 
co the Ecliptic, or Orbit of our Earth, and inter- Noues, 
(ſects it in the 22d degree of Cancer and of Capri- 
corn; ſo that Saturn's Nodes are only 14 degrees 
from Jupiter's, & 77 *. 
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85. Tbe 


* Since Mr. Ferguſon's death, in 1776, a ſeventh primary Sergiun 

Planet belonging to the Solar Syſtem has been diſcovered by A 

,. Herſchell, and called by him the Georgium Sidus, out of 

—_ ſp to his preſent majeſty King George III. This Planet 
ae higher in the Syſtem than Saturn, being about 1565 

on of miles from the Sun; and performs its annual cir 

nem 3; years 140 days and 8 hours of our time: conſe- 

—_—_9 ny its motion, in its Orbit, is at the rate of about 7 thou- 


nt ad miles in a hour. To a good eye, unaſſiſted by a tele- 

ly —_ this Planet appears like a faint Star of the fifth magni- 

e. 20; and it cannot be readily diſtinguiſned from a fixed Star 
We D with 
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The Sun's 85. The quantity of light afforded by the Sun 


— to Jupiter, being but th part, and to Saturn 
Jupiter and only Feth part, of what we enjoy; may at firſt 
- by erde thought induce us to believe that theſe two Planets 
believed." are entirely unfit for rational beings to dwell upon. 
But that their light is not ſo weak as we imagine, 

is evident from their brightneſs in the night-time; 

and alſo from this remarkable Phenomenon, that 

when the Sun is ſo much eclipſed to us, as to have 

only the 40th part of his diſc left uncovered by 

the Moon, the decreaſe of light is not very ſenſi- 

ble: and juſt at the end of darkneſs in Total Eclip- 

ſes, when his weſtern limb begins to be viſible, 

and ſeems no bigger than a bit of fine ſilver wire, 

every one 1s ſurprized at the brightneſs wherewith 

that ſmall part of him ſhines, The Moon when 


with a leſs magnifying power than 200 times. Its apparent 
diameter ſubtends an angle of no more than 4” to an obſerver 
on the Earth; but its real diameter is about 34,000 miles, 
and, conſequently, it is about 80 times as big as the Earth, 
Hence we may infer, as the Earth cannot be ſeen under an 
angle of quite 1” to the inhabitants of the Georgian Pla- 


net, that it has never yet been ſeen by them, unleſs their 


eyes, or inſtruments, or both, be conſiderably better than 
ours are. 

The Orbit of this Planet is inclined to the Ecliptic in an 
angle 46' 26“. Its aſcending Node is in the 13th degree cf 
Gemini, and its deſcending Node in the 13th degree of 82. 
gittarius, 


As no ſpots have yet been diſcovered on its ſurface, the 


poſition of its Axis, and the length of its day and night are 
not known. | 

On account of the immenſe diſtance of-the Georgian Pla- 
net from the ſource of light and hea: to all the bodies in our 


Syſtem, it was highly probable that ſeveral Satellites, or Moons ® 4 
revolved round it: accordingly, the high powers of Dr. Herl- nu 
chell's teleſcopes have enabled him to diſcover two already ; ne 


and it is not unlikely but there may be others which he has 
not yet ſeen. That which is neareſt to the Planet revolves at 
the diſtance 15+ of the Planet's ſemi-diameters from it, and 
performs 1ts revolution in 8 days, 17 hours, and 1 minute. 
The other is about 22 ſemi-diameters of the primary from it, 
and completes 1ts revolution in 17 days, 11 hours, and 5 mi- 
nutes. It is remarkable that the Orbits of theſe Satellites are 
almoſt at right angles to the plane of the Ecliptic, 1 1 
U 
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Full affords travellers light enough to keep them 
from miſtaking their way 3 and yet, according to 
Dr. SmiTa®, it is equal to no more than a go 
thouſandth part of the light of the Sun: that is, 
the Sun's light is go thouſand times as ſtrong as the 
light of the Moon when full. Conſequently, the 
Sun gives a thouſand times as much light roSaturn 
as the Full Moon does to us; and above three 


W thouſand times as much to Jupiter. So that theſe 
two Planets, even without any Moons, would be 
much more enlightened than we at firſt imagine; 
and by having ſo many, they may be very com- 
WS fortable places of reſidence. Their heat, ſo far as 
it depends on the force of the Sun's rays, is cer- 


1 tainly much leſs than ours; to which no doubt the 


bodies of their inhabitants are as well adapted as 


ours are to the ſeaſons we enjoy. And if we con- 


W ſider, that Jupiter never has any winter, even at 


his Poles, which probably is alſo the caſe with Sa- 


turn, the cold cannot be ſo intenſe on theſe two 
Planets as 1s generally imagined. Beſides, there 


may be ſomething in the nature of their mould 


warmer than in that of our Earth: and we find that 
all our heat depends not on the rays of the Sun; 
for if it did, we ſhould always have the ſame 
months equally hot or cold at their annual returns. 
But it 1s far otherwiſe, for February is ſometimes 
warmer than May; which muſt be owing to va- 
pours and exhalations from the Earth. 


86 Every perſon who looks upon, and compares 
the Syſtems of Moons together, which belong to 
Jupiter and Saturn, muſt be amazed at the vaſt 
magnitude of theſe two Planets, and the noble at- 
tendance they have in reſpect of our little Earth: 
and can never bring himſelf to think, that an infi- 
nitely wiſe Creator ſhould diſpoſe of all his animals 
aud vegetables here, leaving the other Planets 
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bare and deſtitute of rational creatures. To ſups 
poſe that he had any view to our benefit, in cre- 
ating theſe Moons, and giving them their motions 
round Jupiter and Saturn; to imagine that he in- 
tended theſe vaſt Bodics for any advantage to us, 
when he well knew that they could never be ſeen 
but by a few Aſtronomers peeping through tele- 


ſcopes; and that he gave to the Planets regular re- 


turns of days and nights, and different ſeaſons to 
all where they would be convenient; but of no 
manner of ſervice to us; except only what imme- 
diately regards our own Planet the Earth; to ima- 
gine, I ſay, that he did all this on our account, 
would be charging him impiouſly with having done 
much in vain: and as abſurd, as to imagine that 
he has created a little Sun and a Planetary Syſtem 
within the ſhell of our Earth, and intended them 
for our uſe. Theſe conſiderations amounr to little 
leſs than a poſitive proof, that all the Planets are 
inhabited: for if they are not, why all this care in 
furniſhing them with ſo many Moons, to ſupply 
thoſe with light which are at the greater diſtances 
from the Sun? Do we not fee, that the farther a 
Planet is from the Sun, the greater Apparatus it 
has for that purpoſe? ſave only Mars, which be- 
ing but a ſmall Planet, may have Moons too [mall 
to be ſeen by us. We know that the Earth goes 
round the Sun, and turns round its own Axis, to 
produce the viciſſitudes of ſummer and winter by 
the former; and of day and night by the latter mo- 
tion, for the benefit of its inhabitants, May we 
not then fairly conclude, by parity of reaſon, that 
the end and deſign of all the other Planets is the 
ſame? and is not this agreeable to the beautiful 
harmony which exiſts throughout the Univerſe! 
Surely it is: and raiſes in vs the moſt magnificent 
ideas of the SUPREME BEING, who 1s every 
where, and at all times preſent ; diſplaying his 
ower, wiſdom, and goodneſs among all his crea- 
tures! and diſtributing happineſs to innumerable 
ranks of various beings ! | 
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87. In Fig. II. we have a view of the propor- 
tional breadth of the Sun's face or diſc, as ſeen 
from the different Planets. The Sun is repreſented 
Noe 1, as ſeen from Mercury; Ne 2, as ſeen 
from Venus; N' 3, as ſeen from the Earth; N* 4, 
as ſeen from Mars; N' 5, as ſeen from Jupiter; 
and Ne 6, as ſeen from Saturn. 
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PLATE I, 
F g. II. 


How the 
Sun appears 
to the differ - 
eat Planets. 


Let the circle B be the Sun as ſeen from any Fig. ut. 


Planet at a given diſtance; to another Planet, ar 
double that diſtance, the Sun will appear juſt of 
half that breadth, as A; which contains only one 
fourth part of the area or ſurface of B, For all 


ther as the ſquares or . cir diameters, Thus, the 
ſquare A is juſt half as broad as the ſquare B; and 
yet it is plain to fight, that B contains four times 
as much ſurface as 4, Hence, by comparing the 
diameters of the above Circles (Fig. II.) together, 
it will be found, that in round numbers, the Sun 
appears 7 times larger to Mercury than to us, go 
times larger to us than to Saturn, and 630 times 
as large to Mercury as to Saturn, 


circles, as well as ſquare ſurfaces, are to one ano- 


Fig. IV. 


88. In Fig. V. we have a view of the bulks of Fig. v. 


the Planets in proportion to each other, and to a 
ſuppoſed globe of two feet diameter for the Sun. 
The Earth is 27 times as big as Mercury, very 
little bigger than Venus, 5 times as big as Mars; 
but Jupiter is 1049 times as big as the Earth, Sa- 
turn 536 times as big, excluſive of his Ring; and 
the Sun is 877 thouſand 650 times as big as the 
Farth. If the Planets in this Figure were ſet at 
their due diſtances from a Sun of two feet diame- 
ter, according to their proportional bulks, as in 
our Syltem, Mercury would be 28 yards from the 
Sun's center; Venus $1 yards 1 foot; the Earth 
70 yards 2 feet; Mars 107 yards 2 feet; Jupiter 
370 yards 2 feet; and Saturn 760 yards 2 feet. 
The Comet of the year 1680, at its greatelt diſ- 
tance, 10 thouſand 760 yards. In this propor- 
non, the Moon's diſtance from the center of the 
Earth would be only 7+ inches. 
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89. To aſſiſt the imagination in forming an idea 
of the vaſt diſtances of the Sun, Planets, and Stars, 
let us ſuppoſe, that a body projected from the Sun 
ſhould continue to fly with the ſwiftneſs of a can- 
non-ball, z. e. 480 miles every hour; this body 
would reach the Orbit of Mercury, in 7 years 221 


| days; of Venus, in 14 years 8 days; of the Earth, 


in 19 years 91 days; of Mars, in 29 years 85 days; 


of Jupiter, in 1co years 280 days; of Saturn, in 
184 years 240 days; to the Comet of 1680, at its 
greateſt diſtance from the Sun, in 2660 years; and 


to the neareſt fixed Stars in about 7 million 609 
thouſand years. 3 

go. As the Earth is not in the center of the Or- 
bits in which the Planets move, they come nearer 
to it and go farther from it, at different times; on 
which account they appear bigger and leſs by turns, 
Hence, the apparent magnitudes of the Planets 
are not always a Certain rule to know them by. 

21. Under Fig. III. are the names and characters 


of the twelve ſigns of the Zodiac, which the Reader 


ſnuuld be perfectly well acquainted with; ſo as 
to know the characters without ſeeing the names. 
Each ſign contains 30 degrees, as in the Circle 
bouncing the Salar Syſtem; to which the charac» 
ters of the ſigns are ſet in their proper places. 


92. The Comers are ſolid opaque bodies, with 


long tranſparent trains or tails, iſſuing from that 
ſide which 1s turned away from the Sun. They 
move about the Sun in veryeccentric ellipſes; and 
are of a much greater denſity than the Earth; for 
ſome of them are heated in every period to ſuch a 
degree, as would vitrify or diſſipate any ſubſtance 
known, to us. Sir Isaac NewToN computed the 
heat of the Comet which appeared in the year 
1680, when neareſt the Sun, to be 2000 times hot- 
ter than red hot iron, and that being thus heated, 
it mult retain its heat until it comes round again, 


although its Period ſhould be more than twenty 
thouſand 
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thouſand years; and it is computed to be only 575. 
The method of computing the heat of bodies, 


9 keeping at any known diſtance from the Sun, ſo 


far as their heat depends on the force of the Sun's 


rays, is very eaſy; and ſhall be explained in the 
eighth Chapter. 


93. Part of the Paths of three Comets are deli- 


neated in the Scheme of the Solar Syſtem, and the 
ears marked in which they made their appearance. 


There are, at leaſt, 21 Comets belonging to our Syſ- 
tem, moving in all ſorts of directions; and all thoſe 
which have been obſerved, have moved through 
the ethereal Regions and the Orbits of the Planets, 
without ſuffering the leaſt ſenſible reſiſtance in their 
motions; which plainly proves that the Planets do 
not move in ſolid Orbs. Of all the Comets, the 


3 BE Periods of the above mentioned three only are 
IX known with any degree of certainty. The firſt - 
of theſe Comets appeared in the years 1531, 1607, 


and 1682; and is expected to appear again in the 
year 1758, and every 75th year afterward. The 
ſecond of them appeared in 1532 and 1661, and 
may be expected to return in 1789, and every 
129th year afterward. The third, having laſt 
appeared in 1680, and its Period being no leſs 


than 575 years, cannot return until the year 2225. 


This Comet, at its greateſt diſtance, is about eleven 


= 'houſand two hundred million of miles from the 


Sun; and at its leaſt diſtance from the Sun's center, 
which is 49,000 miles, is within leſs than a third 
part of the Sun's ſemidiameter from his ſurface, 
ln that part of its Orbit which is neareſt the Sun, 
_ : ies with the amazing ſwiftneſs of 880,000 miles 
na hour; and the Sun, as ſeen from it, appears 
a hundred degrees in breadth ; conſequently 40 
thouſand times as large as he appears to us. The 
aſtoniſhing length that this Comet runs out into 
empty ſpace, ſuggeſts to our minds an idea of the 
vait diſtance between the Sun and the neareſt fixed 
2t2rs; of whoſe Attractions all the Comets muſt 
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keep clear, to return periodically, and go round 
the Sun; and it ſhews us alſo, that the neareſt 
Stars, which are probably thoſe that ſeem the 
largeſt, are as big as our Sun, and of the ſame na. 
ture with him; otherwiſe, they could not appear 
ſo large and bright to us as they do at ſuch an im. 
menle diſtance. 


94. The extreme heat, the denſe atmoſphere, the ³ 


groſs vapours, the chaotic ſtate of rhe Comets, 


ſcem at firſt ſight to indicate them altogether unfit 


for the purpoles of animal life, and a moſt miſer- 


able habitation for rational beings ; and therefore 
ſome“ are of opinion that they are fo many hells 


for tormenting the damned with perpetual viciſſi. 
tudes of heat and cold. But when we conſider, on MY 
the other hand, the infinite power and goodneſs of 
the Deity ; the latter inclining, the formerenabling 
him to make creatures ſuited to all ſtates and cir- 
cumſtances ; that matter exiſts only for the ſake 
of intelligent beings; and that wherever we find 
it, we always find it pregnant with life, or neceſ- 
farily ſubſervient thereto; the numberleſs ſpecies, 
the aſtoniſhing diverſity of animals in earth, ait, 
water, and even on other animals; every blade of 
graſs, every tender leaf, every natural fluid, ſwarm» 
ing with life; and every one of theſe enjoying ſuch 
gratifications as the nature and ſtate of each re- 
quires: when we reflect moreover that ſome cen- 
turies ago, till experience undeceived us, a great 
part of the Earth was adjudged uninhabitable; the 
Torrid Zone, by reaſon of exceflive heat, and the 
two Frigid Zones becauſe of their intolerable cold; 
it ſeems highly probable, that ſuch numerous and 
large maſſes of durable matter as the Comets are, 
however unlike they be to our Earth, are not de- 
ſtitute of beings capable of contemplating with 
wonder, and acknowledging with gratitude, the 
wiſdom, ſymmetry and beauty of the Creation; 


Mr. Wz1sTow, in his Aſtronomical Principles of Religion. 


8 which 
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which is more plainly to be obſerved in their ex- 
tenſive Tour through the Heavens, than in our 
more confined Circuit. If farther conjecture is 
permitted, may we not ſuppoſe them inſtrumental 
in recruiting the expended fuel of the Sun; and 
ppplying the exhauſted moiſture of the Planets? 
EEE However difficult it may be, circumſtanced as we 


e 1 3 are, to find out their particular deſtination, this is 
„ an undoubted truth, that wherever the Deity ex- 
it erits his power, there he alſo manifeſts his wiſdom 
and goodness. 

N _ = 0 

„ 55. THE SOLAR SYSTEM, here deſeribed, 
. is not a late invention; for it was known and 
n taught by the wiſe Samar philoſopher PYTHAGO- 
f 9 W ras, and others among the Ancients: but in latter 


times was loſt, till the 15th century, whendit was 
3 again re ſtored by the famous Poliſb philoſopher, 
Nicol Aus CopERNICus, who was born at Thorn 
in the ycar 1473. In this, he was followed by the 


ſinct lived; KEPLER, GALILEO, DESCARTES, 
GasSSENDUS, an Sir [saac NEwToON ; the laſt of 
= whom has eſtabliſhed this Syſtem on ſuch an ever- 
lang foundation of mathematical and phyſical 
demonſtration, as can never be ſhaken: and none 
who underitand him can heſitate about it. 

9b, In the Prolomean Syſtem, the Earth was ſup- 
poſed to be fixed in the Center of the Univerſe; 
and that the Moon, Mercury, Venus, the Sun, 
Mars, Jupiter, and Saturn, moved round the Earth: 
above the Planets, this Hypotheſis placed the Fir- 


Spheres ; all which were included in and received 


0 motion from the Primum Mobile, which conſtantly 
h revolved about the Earth in 24 hours from Ealt to 
i Wy Welt. But as this rude ſcheme was found inca- 
fi = pablc of ſtanding the teſt of art and obſervation, it 
vas ſoon rejected by all true philoſophers ; not- 
L withſtanding the oppoſition and violence of blind 


F 
and zealous bigots, 97. The 


mament of Stars, and then the two Chryſtalline 


This Syſlem 
very anci- 

ent, and de- 
moaſtrable, 


greateſt mathemaricians and philoſophers that have 
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97. The Tychonic Syſtem ſucceeded the Ptolo. 
mean, but was never ſo generally received. In 


this the Earth was ſuppoſed to ſtand till in the 


Center of the Univerſe or Firmament of Stars, 
and the Sun to revolve about it every 24 hours; 
the Planets, Mercury, Venus, Mars, Jupiter, and 
Saturn, going round the Sun 1n the times already 
mentioned. But ſome of Tycno's diſciples ſup. 

oſed the Earth to have a diurnal motion round 
its Axis, and the Sun with all the above Planets 
to go round the Earth in a year; the Planets 
moving round the Sun 1n the foreſaid times, 
This hypotheſis, being partly true and partly 
falſe, was embraced by few; and ſoon gave way 


to the only true and rational Syſtem, reſtored 
by Cortrnicus, and demonſtrated by Sir Isaac 


NEWTON. 


98. To bring the foregoing particulars into one 
point of view, with ſeveral others which follow, 
concerning the periods, Diſtances, Bulks, &c. ol 


the Planets, the following Table is inſerted. 
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99. ATT ERis of itfelf inactive, and indif. 

| ferent to motion or reſt. A body at reſt 
can never put itſelf in motion; a body in motion 
can never (top or move ſlower of itſelf. Hence, 
when we ſee a body in motion, we conclude ſome at 


other ſubſtance muſt have given it that motion; 1 
when we ſee a body fall from motion to reſt, ve -. 
conclude ſome other body or cauſe ſtopt it. = 

100. All motion is naturally rectilineal. A 
bullet thrown by the hand, or diſcharged from: 
cannon, would continue to move in the fame di. 
rection it received at firſt, if no other power di. 
verted its courſe. Therefore, when we ſee a body 2 
moving in a curve of whatever kind, we conclude Wl 
it muſt be acted upon by two powers at leaſt: one | 3 
to put it in motion, and another drawing it of 
from the rectilineal courſe which it would other- WY 


wiſe have continued to move in. 

101, The power by which bodies fall toward 
the Earth, is called Gravity or Attraction. By this 
power in the Earth it is, that all bodies, on what- 
ever ſide, fall in lines perpendicular to its ſurface. 
On oppoſite parts of the Earth bodies fall in oppo- 
ſite directions, all toward the center, where the 
whole force of gravity 1s, as it were, accumulated, 
By this power conſtantly acting on bodies near the 
Earth, they are kept from leaving it alrogether; 
and thoſe on its ſurface, are kept thereto on all 
ſides, ſo that they cannot fall from it. Bodies 
thrown with any obliquity are drawn by this power 
from a ſtraight line into a curve, until they fallto 
the ground: the greater the force by which they are 
thrown, the greater is the diſtance they are carried 
before they fall. If we ſuppoſe a body _— 
p ever 


. N 
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ſeveral miles above the Earth, and there projected 
in a horizontal direction with ſo grefit a velocity 
that it would move more than a ſemidiameter of 
the Earth in the time it would take to fall to the 
SE 1.arth by gravity; in that caſe, if there were no 
eeſiſting medium in the way, the body would not 
fall to the Earth at all, but continue to circulate 
round the Earth, keeping always the ſame path, 
and returning to the point from whence it was pro- 
= jc&tcd with the ſame velocity as at firſt, 

= 102, We find the Moon moves round the Earth Prejeaue 
ia an Orbit nearly circular. The Moon therefore — 
= Muſt be ated on by two powers or forces; one 
Ss which would cauſe her to move in a right line, 
WS 2nother bending her motion from that line into a 
curve. This attractive power muſt be ſeated in 
the Earth, for there is no other body within the 
WW Moon's Orbit to draw her. The attractive power 
of the Earth therefore extends to the Moon; and 
in combination with her projectile force, cauſes her 
to move round the Earth in the ſame manner as 
the circulating body above ſuppoſed. 

103. The Moons of Jupiter and Saturn are ob- The Sun 
ſerved to move round their primary Planets: there- — 
fore there is an attractive power in theſe Planets, other. 
All the Planets move round the Sun, and reſpect 
it for their center of motion: therefore the Sun 
muſt be endowed with an attracting power, as well 
as the Earth and Planets, The like may be proved 
of the Comets. So that all the bodies or matter 
of the Solar Syſtem, are poſſeſſed of this power; 
and perhaps ſo is all matter whatever. 

104, As the Sun attracts the Planets with their 
Satellites, and the Earth the Moon, ſo the Planets 
and Satellites re- attract the Sun, and the Moon the 
Earth; action and re- action being always equal. 
This is alſo confirmed by obſervation; for the | | 
Moon raiſes tides in the ocean, and the Satellites 
and Planets diſturb one another's motions. "ol 


105. Every | 
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105. Every particle of matter being poſſeſſed Wl 
of an attracting power, the effect of the whole 
muſt be in proportion to the number of attracting 
particles: that is, to the quantity of matter in the 
body. This is demonſtrated from experiments oa 
pendulums: for if they are of equal lengths, what. 
ever their weights be, they always vibrate in 

ual times. Now, if one be double the weigt 
— another, the force of gravity or attraction mut 
be double to make it oſcillate with the ſame cele. 
rity: if one is thrice the weight or quantity f 
matter of another, it requires thrice the force of 
gravity to make it move with the ſame celerity, 
Hence it is certain, that the power of gravity ii 
always proportional to the quantity of matter in 


106, Gravity alſo, like all other virtues or em: 
nations, either drawing or impelling a body ts. 
ward a center, decreaſes as the ſquare of the dil. 
tance increaſes : that is, a body at twice the di. 
rance attracts another with only a fourth part of 
the force; at four times the diſtance, with a ſx- 
teenth part of the force. This too is confirmed 
from obſervation, by comparing the diſtance 
which the Moon falls in a minute from a right line 
touching her Orbit, with the ſpace which bodies 
near the Earth fall in the ſame time: and alſo by 
comparing the forces which retain Jupiter's Moons 
in their Orbits. This will be more fully explained 


107. The mutual attraction of bodies may be 
exemplified by a boat and a ſhip on the water, tied 
by a rope. Let a man either in a ſhip or boat pull 
the rope (it is the ſame in effect at which end he 
pulls, for te rope will be equally ſtretched 
throughout) the ſhip and boat will be drawn to- 
ward one another; but with this difference, that 
the boat will move as much faſter than the ſhip, 
as the ſhip is heavier than the boat. Suppoſe the 
boat as heavy as the ſhip, and they will draw one 

; 10 another 
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another equally (ſetting alide the greater reſiſtance 5 
of the Water on the bigger body) and meet in the 
middle of the firſt diſtance between them. If the 
WW ſhip is a thouſand or ten thouſand times heavier 
= :2n the boat, the boat will be drawn a thouſand 
or ten thouſand times faſter than the ſhip; and 
meet proportionably nearer the place from which 
WE the ſhip fer out. Now, while one man pulls the 
rope, endeavouring to bring the ſhip and boat to- 
TE other, let another man, in the boat, endeavour to 
"IEEE row it off ſideway, or at right angles to the rope; 
ET 20d the former, inſtead of being able to draw the 
boat to the ſhip, will find it enough for him to 
reep the boat from going further off; while the 
latter, endeavouring to row off the boat in a ſtraight 
W line, will, by means of the other's pulling it to- 
ward the ſhip, row the boat round the ſhip at the. 
WE rope's length from her. Here the power employed 
co draw the ſhip and boat to one another repreſents 
the mutual attraction of the Sun and Planets by 
which the Planets would fall freely toward the 
Sun with a quick motion; and would alſo in fall- 
ing attract the Sun toward them. And the power 
employed to row off the boat repreſents the pro- 
jectile force impreſſed on the Planets at right angles, 
or nearly fo, to the Sun's attraction ; by which 
means the Planets move round the Sun, and are 
kept from falling to it. On the other hand, if it 
be attempted to make a heavy ſhip go round a 
light boat, they will meet ſooner than the ſhip can 
get round; or the ſhip will drag the boar after it. 


108, Let the above principles be applied to the 
Sun and Earth; and they will evince, beyond a 
poſſibility of doubt, that the Sun, not the Earth, 
is the center of the Syſtem; and that the Earth 
moves round the Sun as the other Planets do. 

For, if the Sun moves about the Earth, the 
Earth's attractive power mult draw the Sun toward 
it trom the line of projection, fo as to bend its 

motion 
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motion into a curve. But the Sun being at let 


227 thouſand times as heavy as the Earth, by be. 
ing ſo much weightier as its quantity of matter is 
greater, it muſt move 227 thouſand times as flowly 
toward the Earth, as the Earth does toward the 


Sun; and conſequently the Earth would fall to the | 4 : 


Sun in a ſhort time, if it had not a very ſtrong pro. 


jectile motion to carry it off, The Earth therefore, 1 


as well as every other Planet in the Syſtem, muſt 
ee a rectilineal impulſe, to prevent its falling 

The abſor- to the Sun. To ſay, that gravitation retains all 
2 tn. the other Planets in their Orbits without affecting 


fing the c 0 8 ; A 
Eanh at the Earth, which is placed between the Orbits of 


Mars and Venus, is as abſurd as to ſuppoſe that 
fix cannon bullets might be projected upward to 
different heights in the Air, and that five of them 
ſhould fall down to the ground; but the ſixth, 
which is neither the higheſt nor the loweſt, ſhould 
remain ſuſpended in the Air without falling, and 
the earth move round about it. 

109, There is no ſuch thing in nature as a heavy 

body moving round a light one as its center of 
motion, A pebble faſtened to a mill-ſtone by a 
ſtring, may by an eaſy impulſe be made to circu- 
late round the mill- ſtone: but no impulſe can 
make a mill-ſtone circulate round a looſe pebble, 
for the mill-ſtone would go off, and carry the 
pebble along with it. 

110. The Sun is ſo immenſely bigger and hea- 
vier than the Earth *, that if he was moved out 
of his place, not only the Earth, but all the other 
Planets, if they were united into one maſs, would 
be carried along with the Sun, as the pebble 
would be with the mill-ſtone. 

111. By conſidering the law of gravitation, 
which takes place throughout the Solar Syſtem, in 
another light, it will be evident that the Earth 
moves round the Sun in a year; and not the Sun 
round the Earth. It has been ſhewn (S 106) that 


* As will be demonſtrated in the Ninth. Chapter. * 
t 
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the power of gravity decreaſes as the {quare of the 
diſtance increaſes; and from this it foltows with 
mathematical certainty, that when two or more 
bodics move round another as their center of mo- 
tion, the ſquares of their periodic times will be to 
one another in the ſame proportion as the cubes 
of their diſtances from the central body. This 
holds preciſely with regard to the Planets round 
the Sun, and the Satellites round the Planets; the 
relative diſtances of all which are well known. 
But, if we ſuppoſe the Sun to move round the 
Earth, and compare its period with the Moon's 
by the above rule, it will be found that the Sun 
would take no leſs than 173,510 days to move 
round the Earth, in which caſe our year would be 
475 times as long as it now is. To this we may 
add, that the aſpects of increaſe and decreaſe of 
the Planets, the times of their ſeeming to ſtand 
ſtill, and to move direct and retrograde, anſwer 
preciſely to the Earth's motion; but not at all to 
the Sun's, without introducing the moſt abſurd and 
monſtrous ſuppoſitions, which would deftroy all 


harmony, order, and ſimplicity in the Syſtem. 


Moreover, if the Earth be ſuppoſed to ſtand ſtill, 
and the Stars to revolve in free ſpaces about the 
Earth in 24 hours, it is certain that the forces by 
which the Stars revolve in their Orbits are not di- 
rected to the Earth, but to the centers of the ſeve- 
ral Orbits; that is, of the ſeveral parallel Circles 
which the Stars on different ſides of the Equator 
deſeribe every day; and the like inferences may 
be drawn from the ſuppoſed diurnal motion of the 
Planets, ſince they are never in the Equinoctial 
but twice in their courſes with regard to the ſtar 

Heavens. But, that forces ſhould be directed to 


no central body, on which they phyſically depend, 


but to innumerable imaginary points in the Axis 
of the Earth produced to the Poles of the Hea- 
vens, is a hypotheſis too abſurd to be allowed of 
by any rational creature. And it is ſtill more ab- 

E. ſurd 
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ſurd to imagine that theſe forces ſhould increaſe 
exactly in proportion to the diſtances from this 
Axis; for that is an indication of an increaſe to in- 
finity ; whereas the force of attraction is found to 
decreaſe in receding from the fountain from whence 
it lows. But, the farther any Star is from the qui- 
eſcent Pole, the greater muſt be the Orbit which 


it deſcribes; and yet it appears to go round in the 


Objections 
againſt the 
Earth's mo- 
tion an- 
ſwered. 


ſame time as the neareſt Star to the Pole does. 
And if we take into conſideration the two- fold mo- 
tion obſerved in the Stars, one diurnal round the 
Axis of the Earth in 24 hours, and the other round 
the Axis of the Ecliptic in 25920 years, & 251, it 
would require an explication of ſuch a perplexed 
compoſition of forces, as could by no means be 
reconciled with any phyſical Theory. 


112. There is but one objection of any weight 
that can be made againſt the Earth's motion round 
the Sun, which is, that in oppoſite points of the 
Earth's Orbit, its Axis, which always keeps a pa- 
rallel direction, would point to different fixed Stars; 
which is not found to be fact. But this objection 
is eaſily removed, by conſidering the immenſe diſ- 
tance of the Stars in reſpect of the diameter of the 
Earth's Orbit; the latter being no more than a 

oint when compared to the former. If we lay a 
ruler on the ſide of a table, and along the edge of 
the ruler view the top of a ſpire at ten miles dil- 
tance, then lay the ruler on the oppoſite ſide of 
the table in a parallel ſituation to what it had be- 
fore, and the ſpire will {till appear along the edge 
of the ruler; becauſe our eyes, even when aſſiſted 
by the belt inſtruments, are incapable of diſtin- 
guiſhing ſo {mall a change at ſo great a diſtance, 

113. Dr. BRaDLEy found by a long ſeries of the 
moſt accurate oblervations, that there is a ſmall ap- 
parent motion of the fixed Stars, occaſioned by the 
aberration of their light, and ſo exactly anſwering to 
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an annual motion of the Earth, as evinces the ſame, 
even to a mathematical demonſtration, Thoſe 
who are qualified to read the Doctor's modeſt Ac- 
count of this great diſcovery, may conſult the Phi- 
loſophical Tranſations, Ne 406. Or they may find 
it created of at large by Drs. SMITH *, Lonct, 
Desaculitens |, RUTHERFURTH |, Mr, MacLau- 
RIn, Mr. SimesONC, and M. bt La Callle**, 

114. It is true that the Sun ſeems to change his 
place daily, ſo as to make a tour round the ſtarr 
Heavens in a year. But whether the Sun or Earth 
moves, this appearance will be the ſame; for, 
when the Earth is in any part of the Heavens, the 
son will appear in the oppoſite. And therefore 
= this appearance can be no objection againſt the 
= motion of the Earth. 
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Why the 
Sun appears 
to change 
bis place, 


_ 115. It is well known to every perſon who has 


= ſailed on ſmooth water, or been carried by a ſtream 
in a calm, that, however faſt the veſſel goes, he 
does not feel its progreſſive motion. The motion 
of the Earth is incomparably more ſmooth and uni- 
form than that of a ſhip, or any machine made and 
moved by human art: and therefore it is not to be 
imagined that we can feel its motion, 


116, We find that the Sun, and thoſe Planets 
on waich there are viſible ſpots, turn round their 
Axes : for the ſpots move regularly over their 
DilcsFf. From hence we may rcaſonably con- 
clude, that the other Planets, on which we ſee no 
ſpots, and the Earth, which is likewiſe a Planer, 


| ing the Earth, and viewing it at a diſtance, and its 
rotation being {ſmooth and uniform, we can neither 


” Optics, B. I. § 1178. + Aſtronomy, B. II. 5 838. 
t Philofophy, Vol. I. p. 401. Account of Sir Iſaac 
Newton's Philoſophical D:ſcoweries, B. III. c. 2. 8 3. 
Mathemat. Eſſays, p. 1. * Elemens d' Aftronomie, 5 381. 
tt The face of the Sun, Mcon, or any Planer, as it ap- 
edis to the eye, is called its Dilc. I. 
ſee 


E 2 


have ſuch rotations. But being incapable of leav- 


The Earth's 
motion on 

its Axis de- 
monſttated- 


All bodies 
heavier at 
the Poles 
than they 
would be at 
the Equator, 


The Copernican Syſtem demonſtrated to be true, 


ſee it move on its Axis as we do the Planets, nor 
feel ourſelves affected by its motion. Yet there 
is one effect of ſuch a motion, which will enable 
us to judge with certainty whether the Earth re. 
volves on 1ts Axis or not. All Globes which do not | 
turn round their Axes will be perfect ſpheres, on | 


account of the equality of the weight of bodies on # 


their ſurfaces; eſpecially of the fluid parts. But 
all Globes which turn on their Axes will be ovlate 


or: 
1 
_ 
_ * 


+. 


ſpheriods; that is, their ſurfaces will be higher or | 


farther from the center in the equatorial than in 


the polar Regions; for, as the equatorial parts Þ q 55 


move quickeſt, they will recede fartheſt from the 


Axis of motion, and enlarge the equatorial diz- | 4 


meter. That our Earth is really of this figure, is | 
demonſtrable from the unequal vibrations of: 


pendulum, and the unequal lengths of degrees in 


different latitudes, Since then the Earth is $ higher | =. 


at the Equator than at the Poles, the ſea, which | 


naturally runs downward, or toward the places 


"os 
A 
7 z 
Wy 


which are neareſt the center, would run toward 
the polar Regions, and leave the equatorial part E 


dry, if the centrifugal force of theſe parts by 
which the waters were carried thither did not keep i 
them from returning. The Earth's equatorial dis- 
meter is 36 miles longer than its Axis. 

117. Bodies near the Poles are heavier than thoſe | 


IS 

15 r 
A * 

p 


toward the Equator, becauſe they are nearer the J be 


Earth's center, where the whole force of the Earth': 


attraction is accumulated, They are alſo e 4 


becaule their centrifugal force is leſs, on account } 


of their diurnal motion being flower. For both =. 
theſe reaſons, bodies carried from the Poles toward 
the Equator, gradvally Joſe of their weight, E. 


8. * p 


# 


A 


periments prove that a pendulum, which vibrates 


ſeconds near the Poles, vibrates ſlower near the i 


Equator, which ſhews, that it is lighter or leſs 
attract ed there. To make it oſcillate in the fame 
time, it is found neceſſary to diminiſh its length. 
By comparing the different lengths of pendulums 

ſwinging 
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ſwinging ſeconds at the Equator and at London, it 
is ſound that a pendulum mult be 27 lines 
=  orter at the Equator than at the Poles. A line 
isa twelfth part of an inch. : E 
1 118. If che Earth turned round its Axis in 84 
= minutes 43 ſeconds, the centrifugal force would be 
L200 equal to the power of gravity at the Equator ; and 
all bodies there would entirely loſe their weight. 


How they 
might Ioſe 
all their 
weight, 


Alf the Earth revolved quicker, they would all fly 


off, and leave it. 
= 119. A perſon on the Farth can no more be ſen- 
= ble of its undiſturbed motion on its Axis, than 
one in the cabin of a ſhip on ſmooth water can be 
= 1cnſible of the ſhip's motion when it turns gently 
and uniformly round. It is therefore no argument 
W againſt the Earth's diurnal motion, that we do not 
WE fecl it: nor is the apparent revolutions of the celeſ- 
tial bodies cvery day a proof of the reality of theſe 
motions; for whether we or they revolve, the ap- 
pearance is the very ſame, A perfon looking 
through the cabin- windows of a ſhip as ſtrongly 
= fancies the objects on land to go round when the 
ip turns, as if they were actually in motion. 


199, If we could tranſlate ourſelves from Planet 
a co Planet, we ſhould ſtill find that the Stars would 
== :ppcar of the ſame magnitudes, and at the ſame 
iſtances from each other, as they do to us here: 
bdccauſe the width of the. remoteſt Planet's Orbit 
= bcars no ſenſible proportion to the diſtance of the 
Stars. But then, the Heavens would ſeem to re- 
volve about very different Axes; and conſequently, 
thoſe quieſcent points, which are our Foles in 
the Heavens, would ſeem to revolve about other 
points, which, though apparently in motion as ſeen 
trom the Earth, would be at reſt as ſeen from an 
other Planet. Thus the Axis of Venus, which lies 
—_ not at right Angles to the Axis of the Earth, 
_ 2 have its motionleſs Poles in two oppolite 
points of the Heavens lying almoſt in our Equi- 
8 E 3 noctial, 
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noctial, where the motion appears quickeſt, becauſe 
it is ſeemingly performed in the greateſt Circle, 
And the very Poles, which are at reſt to us, have 
the quickeſt motion of all as ſeen from Venus. 
To Mars and Jupiter the Heavens appear to turn 
round with very different velocities on the ſame 
Axis, whoſe Poles are about 234 degrees from ours. 
Were we on Jupiter, we ſhovld be at firſt amazed 
at the rapid motion of the Heavens; the Sun and 
Stars going round in 9 hours 56 minutes. Could 
we go from thence to Venus, we ſhould be as much 
ſurpriſed at the ſlowneſs of the heavenly motions; 
the Sun going but once round in 584 hours, and 
the Stars in 540. And could we go from Venus to 
the Moon, we ſhould ſee the Heavens turn round 
with a yet ſlower motion; the Sun in 708 hours, 
the Stars in 655. As it is impoſſible theſe vari. 
ous circumvolutions in ſuch different times, and 
on ſuch different Axes, can be real, ſo it is unrea- 
ſonable to ſuppoſe the Heavens to revolve about 
our Earth more than it does about any other Planet, 
When we reflect on the vaſt diſtance of the fixed 
Stars, to which 162, ooo, ooo of miles, the diameter 
of the Earth's Orbit, is but a point, we are filled 
with amazement at the immenſity of their diſtance, 
But if we try to frame an idea of the extreme rapi- 
dity with which the Stars muſt move, if they move 
round the Earth in 24 hours, the thought becomes 
ſo much too big for our imagination, that we can 
no more conceive it than we do infinity or eternity, 
If the Sun was to go round the Earth in 24 hours, 
he muſt travel vpward of 300,000 miles in a mi- 
nute : but the Stars being at leaſt 400, ooo times as 
far from the Sun as the Sun is from us, thoſe 
about the Equator muſt move 400,000 times as 
quick. And all this to ſerve no other purpoſe than 
what can be as fully and much more ſimply obtained 
by the Earth's turning round eaſtward, as on an 
Axis, every 24 hours, cauſing thereby an apparent 

diurnal 
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diurnal motion of the Sun weſtward, and bring- 
ing about the alternate returns of day and night. 


121. As to the common objections againſt the 
Earth's motion on its Axis, they are all eaſily an- 
ſwered and ſet aſide. That it may turn without 
being ſeen or felt by us to do ſo, has been already 
ſhewn, $ 119. But ſome are apt to imagine that 
if the Earth turns eaſtward (as it certainly does, if 
it turns at all) a ball fired perpendicularly upward 
in the air mult fall conſiderably weſtward of the 
place it was projected from. The objection, which 


at firſt ſeems to have ſome weight, will be found 


to have none at all, when we conſider that the gun 
and ball partake of the Earth's motion; and there- 
fore the ball being carried forward with the air as 
quick as the Earth and air turn, muſt fall down on 
the ſame place. A tone let fall from the top of a 
main- maſt, if it meets with no obſtacle, falls on the 
deck as near the foot of the malt when the ſhip ſails 
as when it does not. If an 1nverted bottle, full of 
liquor, be hung up to the cieling of the cabin, 
and a ſmall hole be made in the cork to let the 
liqvor drop through on the floor, the drops will 
fall juſt as far forward on the floor when the ſhip 
ſails as when it is at reſt. And gnats or flies can as 
ealily dance among one another in a moving cabin 
as In a fixed chamber. As for thoſe ſcripture ex- 
preſſions which ſeem to contradict the Earth's 
motion, the following reply may be made to them 
all: It is plain from many inſtances, that the 
Scriptures were never intended to inſtruct us in 
Philoſophy or Aſtronomy; and therefore, on thoſe 
ſubjects, expreſſions are not always to be taken in 
the literal ſenſe ; but for the moſt part as accom- 
modatteꝗ to the common apprehenſions of mankiad. 
Men of ſenſe in all ages, hen not treating of the 
ſciences purpoſely, have followed this method: 
and it would be in vain to follow any other in ad— 
drelling ourſelves to the vulgar, or bulk of any 

: E 4 community, 
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Antipodes. 


The Phenomena of the Heavens as ſeen 


community, Moſes calls the Moon A GREAT 
LUMINARY (as it is in the Hebrew) as well at 
the Sun: but the Moon is known to be an opaque 
body, and the ſmalleſt that Aſtronomers have ob 
ſerved in the Heavens; and ſhines upon us not hi 
any inherent light of its own, but by reflecting 
the light ofthe Sun. Maſes might know this, but 
had he told the Jraelites fo, they would have ſtared 
at him; and conſidered him rather as a madman; 
than as a perſon commiſſioned by the Almightytg 
be their leader, 


CT AT. I. 


The Phenomena of the Heavens as ſeen ſrom different 
Parts of the Earth. 4 


E are kept to the Earth's ſurface on 

all ſides by the power of its central 
attraction; which, laying hold of all bodies accords? 
ing to their denſities or quantities of matter, with»" 
out regard to their bulks, conſtitutes what we call 
their weight, And having the ſky over our heady, 
go where we will, and our feet toward the center 
of the Earth, we call it % over our heads, and 
down under our feet: although the ſame right line 
which is down to us, if continued through and be- 
yond the oppoſite ſide of the Earth, would be up to 


* PLATE 11, the inhabitants on the oppoſite ſide, For, the ins 


habitants , i, e, m, 5, o, 9, I, ſtand with their feet 
toward the Earth's center C; and have the ſame 
figure of ſky N, 1, E, M, 5, O, Q, L, over theit 
heads. Therefore, the point & is as directly upward. 
to the inhabitant q on the South Pole, as & is to the 
inhabitant on the North Pole: ſo is E to the 
inhabitant e ſuppoſed to be on the North end of 
Peru; and Q to the oppoſite inhabitant q on the 
middle of the iſland Sumatra. Fach of theſe ob- 
ſervers is ſurpriſed that his oppoſite or Autipode can 


ſtand with his head hanging downward, But let 
11 | | | either 
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from different Parts of the Earth, 


d as upright and firm on the place where he 
E 3 ſtands where he is. To all theſe 
ſervers the Sun, Moon, and Stars, ſeem to 


ally turn round the mathematical line 2C as 


firms, that he is on the uppermoſt ſide of the 
arth, and wonders how another at L can ſtand 


ards. But U 1n the mean time forgets that in 
elve hours time he will be carried half round 
rith the Earth, and then be in the very ſituation 
=) L now is, although as far from him as before. 
ad vet, when U comes there, he will find no dif- 
rence as to his manner of ſtanding; only he will 
ec the oppoſite half of the Heavens, and imagine 
e Heavens to have gone half round the Earth. 


123. When we ſee a Globe hung up in a room, 

e cannot help imagining it to have an upper and 
under ſide, and immediately form a like idea 
the Earth; from whence we conclude, that it is 
Impoſſible for people to ſtand on the under ſide 
the Farth, as for pebbles to lie on the under 
ae of a common Globe, which inſtantly fall down 
on it to the ground; and well they may, becauſe 
_c attraction of the Earth being greater than the 
traction of the Globe, pulls them away. Juſt ſo 
ould be the caſe with our Earth, if it were placed 
car a Globe much bigger than itſelf, ſuch as 
upiter: for then it would really have an upper 
nd an under {ide with reſpect to that large Globe; 
hich, by its Attraction, would pull away every 
hing from the ſide of the Earth next to it; and 
Py tho on its ſurface at the oppolite fide 
aould remain upon it. But there is no larger Globe 
ear enough our Earth to overcome its central 
| | attraction ; 
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ther go to the other, and he will tell him that he PEATE Au. 


rn round the points N and &, as the Poles of Axis of the 
e fixed Axis NCS; becauſe the Earth does Wolle. 


add an Axis, of which u is the North Pole, and ts Pale. 
te South Pole. The inhabitant U (Fig. II.) Fig: 11. 
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The Phenomena of the Heavens as ſeen 


attraction ; and therefore it has no ſuch thing azq 
upper and an under fide; for all bodies on or nen 
its ſurface, even to the Moon, gravitate toward 
its center. 

124. Let any man imagine that the Earth and 
every thing but himſelf is taken away, and he leſt 
alone in the midſt of indefinite ſpace; he could 
then have no idea of 2% or down; and were his 
pockets full of gold, he might take the pieces one 
by one, and throw them away on all ſides of hin, 
without any danger of loſing them; for the attrac. 
tion of his body would bring them all back by 
the way they went, and he would be down to every 
one of them. But then, if a Sun or any other 
large body were created, and placed in any part of 
Space ſeveral millions of miles from him, he woul( 
be attracted toward it, and could not ſave himſelf 
from falling down to it. | 


125. The Earth's bulk 1s but a point, as thatat 
C, compared to the Heavens; and therefore every 
inhabitant upon it, let him be where he will, az at 
u, e, m, $, &c. ſees half of the Heavens. The in. 
habitant , on the North Pole of the Earth, con- 
ſtantly ſees the Hemiſphere EN; and having 
the North Pole N of the Heavens juſt over his 
head, his Horizon * coincides with the Celeſtial 
Equator EC, Therefore all-the Stars in the 
Northern Hemiſphere EN, between the Equi- 
tor and North Pole, appear to turn round the line 
NC, moving parallel to the Horizon. The Equr 
torial Stars keep in the Horizon, and all thoſe in 
the Southern Hemiſphere ES are inviſible, The 
like Phenomena are ſeen by the obſerver 5 on the 
South Pole, with reſpect to the Hemiſphere ESY, 
and to him the oppoſite Hemiſphere is always 
inviſible. Hence, under either Pole, only one 


* "The utmoſt limit of a perſon's view, where the Sky ſeems 
to touch the Earth all around, is called his Horizon; which 


ſhifts as the perſon changes his place. w 
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half of the Heavens 1s ſeen; for thoſe parts which 
are once viſible never ſer, and thoſe which areonce 
inviſible never riſe. But the Ecliptic 7CX, or 
Orbir which the Sun appears to deſcribe once a- 
year by the Earth's annual motion, has the half 20 
W conſtantly above the Horizon EC Q of the North 
pole n; and the other half CA always below it. 
= Therefore while the Sun deſcribes the northern Phenomena 
half 7C of the Ecliptic, he neither ſets to the North * 
Pole nor riſes to the South ; and while he deſcribes 
the ſouthern half CX, he neither ſets to the South 
pole, nor riſes to the North. The ſame things are 
moe with reſpect to the Moon; only with this dif- 
WS ference, that as the Sun deſcribes the Ecliptic but 
once a-year, he is for half that time viſible to each 
Pole in its turn, and as long inviſible; but as the 
Moon goes round the Eclipric in 27 days 8 hours, 
ſhe is only viſible for 13 days 16 hours, and as long 
inviſible to each Pole by turns. All the Planets 
likewiſe riſe and ſet to the Poles, becauſe their 
Orbits are cut obliquely in halves by the Horizon 
of the Poles. When the Sun (in his apparent way 
from X) arrives at C, which 1s on the 20th of 
—_ rc, he is juſt riſing to an obſerver at ꝝ on the 
North Pole, and ſerting to another at s on the South 
Pole. From Che riſes higher and higher in every 
a :ppircnt Diurnal revolution, till he comes to the 
bigbeſt point of the Ecliptic y, on the 21ſt of June, 
and then he is at his greateſt altitude, which is 
231 degrees, or the Arc Ey, equal to his greateſt 
north declination; and from thence he ſeenis to 
deſcend gradually in every apparent Circumvolu- 
tion, till he ſets at C on the 22 of September; and 
then he goes to exhibit the HH ẽ˖ Appearances at the 
South Pole for the other half of the year. Hence 
the Sun's apparent motion round the Earth is not 
in paralicl Circl-s, but in Spirals; ſuch as might 
de repreſented by a thread wound round a Globe 
from Tropic to Tropic; the 5pirals being at ſome 
Ciſtance trom one another about the Equator, and 
gradually 


60 
PLATE 11, 


Phenomena 
at the Equa- 
tor. 


Fig. I. 


Remark, 


The Phenomena of the Heavens as feen 


gradually nearer to each other as they approach tg. 
ward the Tropics. | 
126, If the obſerver be any where on the Te. 
reſtrial Equator e Cq, as ſuppoſe at e, he is in the 
lane of the Celeſtial Equator; or under the Equ. 
noctial EC; and the Axis of the Earth ꝝ Ci 
coincident with the plane of his Horizon, extended 
out to IN and S, the North and South Poles of the 
Heavens. As the Earth turns round the line V 
the whole Heavens MOL / ſeem to turn round tie 
ſame line, but the contrary way. It is plain tha i 
this obſerver has the Celeſtial Poles con{tantly in MK 
his Horizon, and that his Horizon cuts the Diurnal ſl 
paths of all the Celeſtial bodies perpendicularly, 
and in halves. Therefore the Sun, Planets, and 
Stars, riſe every day, and aſcend perpendicular 
above the Horizon for ſix hours, and paſſing over 
the Meridian, deſcend in the ſame manner for the 
fix following hours; then ſet in the Horizon, and 
continue twelve hours below it. Conſequently a 
the Equator the days and nights are equally long 
throughout the year. When the obſerver is ine WK 
ſituation e, he ſees the Hemiſphere SE N; butin i 
twelve hours after, he is carried half round the lc 
Earth's Axis to g, and then the Hemiſphere S 
becomes viſible to him; and SEN diſappears, 
Thus we find, that to an obſerver at either of tie 
Poles one half of the Sky is always viſible, and the 
other half never ſeen; but to an obſerver on the 
Equator the whole Sky is feen every 24 hours. Wn 
The Figure here referred to, repreſents a Celel- WW 
tial globe of glaſs, having a Terreſtrial Globe Wl 
within it: after the manner of the Glaſs Sphere in- 
vented by my generous friend Dr. Lox c, Lowndes: Wl 
Profeſſor of Aſtronomy in Cambridge, 


127. If a Globe be held ſidewiſe to the eye, at 
ſome diſtance, and ſo that neither of its Poles can 
be ſeen, the Equator EC, and all Circles parallel 


to it, as DL, yzx, aA, MO, &c. will appear to be 
| ſtraigit 


from different Parts of the Earth. 


ſtraight lines, as projected in this Figure; which 
is requiſite to be mentioned here, becauſe we 
call have occaſion to call them Circles in the fol- 
lowing Articles of this Chapter“. 

128. Let us now ſuppoſe that the obſerver has 
gone from the Equator e toward the North Pole , 
and that he ſtops at i, from which place he then 
= (ces the Hemiſphere MEIVIL; his Horizon MCL 

having ſhifted as many Degrees + from the Celeſ- 
dia Poles N and S, as he has travelled from under 
e Equinoctial E. And as the Heavens ſeem con- 
ſtantly to turn round the line NCS as an Axis, all 
thoſe Stars which are not ſo many degrees from 
the North Pole N as the obſerver is from the Equi- 
noctial, namely, the Stars north of the dotted pa- 
= rallcl DL, never ſet below the Horizon; and thoſe 
= which arc ſouth of the dotted parallel MO never 
riſe above it. Hence the former of theſe two pa- 
rallel Circles is called the Circle of perpetual Appa- 
rition, and the latter the Circle of perpetual Occul- 
lation: but all the Stars between theſe two Circles 
riſe and ſet every day. Let us imagine many Cir- 
cles to be drawn between theſe two, and parallel 


Equinoctial will be unequally cut by the Horizon 
MCL, having larger portions above the Horizon 
than below it; and the more fo, as they are nearer 
to the Circle of perpetual Apparition ; but the re- 
verle happens to thoſe on the ſouth ſide of the 
Equinoctial, while the Equinoctial is divided in 
two equal parts by the Horizon. Hence, by the 
apparent turning of the Heavens, the northern 
Stars deſcribe greater Arcs or Portions of Circles 


as they are farther from the Equinoctial toward 
the Circle of perpetual Apparition; while the con- 


* The Plane of a Circle, or a thin circular Plate, being 
turned edgewiſe to the eye, appears to be a ſtraight line. 
A Degree is the 360th part of a Circle, 


above the Horizon than below it; and the greater, 
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trary happens to all Stars ſouth of the EquinoRig]: 
but thoſe upon it deſcribe equal Arcs both abort 
and below the Horizon, and therefore they are jut 
as long above as below it. 

129. An obſerver on the Equator has no Circ: 
of perpetual Apparition or Occultation, becauſe al 
the Stars, together with the Sun and Moon, fit 
and ſet to him every day. But, as a bare view 
the Figure is ſufficient to ſhew that theſe two Cir. 
cles DL and MO are juſt as far from the Poles ] 
and S as the obſerver at i (or one oppoſite to hin 
at 0) 1s from the Equator EC9; it is plain, chat i 
an obſerver begins to travel from the Equator to. 
ward either Pole, his Circle of perpetual Appz. 
rition riſcs from that Pole as from a Point, and hi 
Circle of perpetual Occultation from the other, 
As the obſerver advances toward the nearer Pole, 
theſe two Circles enlarge their diameters, and come 
nearer one another, until he comes to the Pole; 
and then they meet and coincide in the Equincc 
tial. On different ſides of the Equator, to ob- 
ſervers at equal diſtances from it, the Circle a 
perpetual Apparition to one is the Circle of pes 
petual Occultation to the other, 


1 30. Becauſe theStars never vary their diſtances 
from the Equinoctial, ſo as to be ſenſible in ar 
age, the lengths of their diurnal and nocturnil 
Arcs are always the ſame to the ſame places on the 
Earth. But as the Earth goes round the Sun every 
year in the Ecliptic, one half of which is on tht 
north ſide of the Equinoctial, and the other half on 
its ſouth ſide, the Sun appears to change his place 
every day, ſo as to go once round the Circle YC4 
every year, S 114. Therefore while the Sun ap 
pears to advance northward, from having deſcribed 
the parallel 45 touching the Ecliptic in X, tit 
days continually lengthen and the nights ſhorten, 
until he comes to,y and deſcribes the i arallet y2% 


when the days are at the longeſt and the nights F 
the 
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he ſhorteſt: for then, as the Sun goes no farther PLATE U. 
orthward, the greateſt portion that is poſſible of 
he diurnal Arc y is above the Horizon of the 
= .habitant i; and the ſmalleſt portion zx below it. 
s che Sun declines ſouthward from y, he deſcribes 
maller diurnal and greater nocturnal Arcs, or Por- 
ions of Circles, every day; which cauſes the days 
o ſorten and nights to lengthen, until he arrives 
be gain at the Parallel 45A; which having only the 
rnall part 45 above the Horizon MCL, and the 
reat part 5X below it, the days are at the ſhorteſt 
ad the nights at the longeſt : becaule the Sun re- 
edes no farther ſouth, but returns northward as 
efore. It is eaſy to ſee that the Sun mult be in 
be Equinoctial EC twice every year, and then 
be days and nights are equally long; that is, 12 
ours each. Theſe hints ſerve at preſent to give 
Wn idea of ſome of the Appearances reſulting from 
hc motions of the Earth; which will be more 
a: ticularly deſcribed in the tenth Chapter. | 


- 


131. To an obſerver at either Pole, the Hori- Fis-I. 
on and Equinoctial are coincident; and the Sun — 
ad Scars ſcem to move parallel to the Horizon: zus Right 
Wherefore ſuch an obſerver is ſaid to have a parallel Sha. 
Poſition of the Sphere. To an obſerver any where 
detween either Pole and Equator, the Parallels 
cſcribed by the Sun and Stars are cut obliquely 
che Horizon, and therefore he is ſaid to have 
n oblique poſition of the Sphere. To an ob- 
erer any where on the Equator, the Parallels of 
—_ ooo, deſcribed by the Sun and Stars, are cut 
ccrpendicularly, or at Right Angles, by the Ho- 
ron; and therefore he is {aid to have a right po- 
ion of the Sphere. And theſe three are all the 

WW ticrent ways that the Sphere can be poſited to 
Il people on the Earth, 
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The Phenomena of the Heavens as ſeen from diffrg| : I 
Parts of the Solar Syſtem, = 


132. OO vaſtly great is the diſtance of the ſtam 
x ) Heavens, that if viewed from any part; 
the Solar Syſtem, or even many millions of mil, 
beyond it, the appearance would be the very ſan; nn 
to us. The Sun and Stars would all ſeem to x 
fixed on one concave ſurface, of which the ſped, 
tor's eye would be the center. But the Planes 
being much nearer than the Stars, their appea. al 
ances will vary conſiderably with the Place fron 
which they are viewed, "ih; 
133. If the ſpectator is at reſt without thei Wl 
Orbits, the Planets will ſeem to be at the ſame di. 
rance as the Stars; but continually changing their nll 
places with reſpect to the Stars, and to one an 
ther: aſſuming various phaſes of increaſe and d.. 


creaſe like the Moon; and, notwithſtanding their 
regular motions about the Sun, will ſometime 


appear to move quicker, ſometimes ſlower, be » 
often jo the welt as to the eaſt of the Sun; and a 
their,Freateſt diſtances ſeem quite ſtationary. The Wi 
durption, extent, and diſtance, of thoſe points n 

the Heavens where theſe digreſſions begin and end 


diſtances of the ſeveral Planets from the Sun; but 
in the ſame Planet they would continue 1nvar- 
ably the ſame at all times; like pendulums of une- 
qual lengths oſcillating together, the ſhorter move el 
quick and go over a ſmall ſpace, the longer move gy 
flow and go over a large ſpace. If the obſerve! 
is at reſt within the Orbits of the Planets but not 
near the commor center, their apparent motions 
will be irregular, but leſs ſo than in the forme! 
caſe, Each of the ſeveral Planets will ap- 


pear bigger and leſs by turns, as they approzci 
nearer 


from different Parts of the Solar Syſtem: 


earer to or recede farther from the obſerver: the 
eareſt varying moſt in their ſize. They will alſo 
ove quicker or ſlower with regard to the fixed 
tars, but will never be retrograde or ſtationary. 
134. If an obſerver in motion views the Hea- 
ens, the ſame apparent irregularities will be ob- 

rved, but with ſome variation reſulting from his 
Ein motion. If he is on a Planet which has a ro- 
tion on its Axis, not being ſenſible of his own 
otion, he will imagine the whole Heavens, Sun, 
lanets, and Stars, to revolve about him in the 
nme time that his Planet turns round, but the con- 
. "8 ary way; and will not be eaſily convinced of the 
gc ccpiion. If his Planet moves round the Sun, 
e lame irregularities and aſpects as above- men- 

oncd will appear in the motions of the other Pla- 
Nets; and the Sun will ſcem to move among the 

Sc Stars or Signs, in an oppoſite direction to 
at which his Planet moves in, changing its place 
ery day as he does. In a word, whether our 
bſerver be in motion or at reſt, whether within 
r without the Orbits of the Planets, their motions 


in [cen irregular, intricate, and perplexed, un- 
| Es he is in the center of the Syſtem; and from 
eence, the moſt beautiful order and harmony 
in be {cen by him. 

135. The Sun being the center of all the Planets 
otions, the only place from which their motions 
Hoold be truly ſeen, is the Sun's center; where the 
( eccrver being ſuppoſed not to turn round with the 
os, (which, in this caſe, we mult imagine to be a 
* SS 2" {parent body,) would ſee all the Stars at reſt, 
d ſcemingly equidiſtant from him. To ſuch an 
berver, the Planets would appear to move among 
ee fxcd Stars, in a ſimple, regular, and uniform 
ener: only, that as in equal times they deſcribe 
; val Areas, they would deſcribe ſpaces ſomewhat 
' BE" 4 v2), becauſe they move in ellipticOrbits, § 155. 
ber motions would alſo appear to be what they 
nac, the ſame way round the Heavens; in 
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paths which croſs at ſmall Angles in differenty 
of the Heavens, and then ſeparate a little from 
another, $ 20. So that, if the Solar Aftronog 5 
ſhould: make the Path or Orbit of any Play 
a ſtandard, and conſider it as having no obliquith 
§ 201, he would judge the paths of all the res 
be inclined to it; each Planet having one nally 
its path on one ſide, and the other half on4 
oppoſite {ide of the ſtandard Path or Orbit. 
if he ſhould ever ſee all the Planets ſtart fromf 
conjunction with each other“, Mercury woulf 
move ſo much faſter than Venus, as to overtake 
again (though not in the ſame point of the Heaven 
in a quantity of time almoſt equal to 145 of 
days and nights, or, as we commonly call be 
Natural Days, which include both the days ul 
nights: Venus would move ſo much faſter thi 
the Earth, as to overtake it again in 585 n 
days: the Earth ſo much faſter than Mars, as 
overtake him again in 778 ſuch days: Mark 
much faſter than Jupiter, as to overtake him g 
in 817 ſuch days: and Jupiter ſo much faſter thai 
Saturn, as to overtake him again in 7236 dap | 
of our time. 
The juig- 136. But as our ſolar Aſtronomer could havedl 
folar Atro- idea of meaſuring the courſes of the Planets by 
Gold pro. days, he would probably take the period of! 
bably make cury, Which is the quickeſt moving Planet, fr 
concerdins meaſure to compare the periods of the others 
and buiksof As all the Stars would appear quieſcent to him 
the Planet. would never think that they had any dependall 
upon the Sun; but would naturally imagine Wl 
the Planets have, becauſe they move round 


Sun. And it is by no means improbable, tha 


* Here we do not mean ſuch a conjunction, as that 
nearer Planet mould tice all the reſt from the obſerver'sh 
(for that would be impoſſible, unleſs the interſeQions 
their Orbits were coincident, which they are not. $ ya 
but when they were all in a line croſſing the ſtandard Orbth 
Right Angles, | 


10 4 


La 


2 Ferguſon delin- . 


> 
DVD 
8 , Sr * 
Moon (os 


W 


W 


” \ d WW\\ N. 0 
N WW e W 
W Wiss N 


N 
Wes 
oO 
V 
RY 
8 


— 2 ++ 


1 


from different Parts of the Solar Syſtem. 


ff their real diſtances or magnitudes, 


ould conclude it to be much bigger in fact; be- 


he Earth would ſeem much of the ſame bulk; but 


onclude that the Earth is much farther from him 
han Mercury, and conſcquently that it muſt be 
eally bigger, though apparently of the ſame bulk; 
ind ſo of the reſt, And as each Planet would 
appear ſomewhat bigger in one part of its Orbit 
han in the oppoſite, and to move quickeſt when it 
tems biggeſt, the obſerver would be at no loſs to 


hich the Sun is not preciſely in the center. 


antinually change as ſeen from the Earth, which 
lemonſtrates that they approach nearer to it, and 
ecede farther from it by turns. 
omena, and their apparent motions among the 
ftars, they ſeem to deſcribe looped curves which 


epted. And if we were to trace out all their ap- 
parent paths, and put the figures of them together 
n one diagram, they would appear ſo anomalous 
and confuled, that no man in his ſenſes could be- 
eve them to be repreſentations of their real paths; 


F 2 rent 


ould conclude thoſe Planets, whoſe Periods are 
vickeſt, to move in Orbits proportionably leſs 
han thoſe do which make ſlower circuits. But 
being deſtitute of a method for finding their Paral- 
axes, or more properly ſpeaking, as they could have 
o Varallax to him, he could never know any thing 
Their rela- 
ive diſtances he might perhaps gueſs at by their 
veriods, and from thence infer ſomething of truth 
oncerning theirrelative bulks, by comparing their 
pparent bulks with one another. For example, 
upiter appearing bigger to him than Mars, he 


auſe it appears ſo, and muſt be farther from him, 
dn account of its longer period. Mercury and 


dy comparing its per10d with the Earth's, he would 


onclude that all the Planets move in Orbits, of 


ever return into themſelves, Venus's path ex- 


137. The apparent magnitudes of the Planets The Plane. 
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The apparent Paths of Mercury and Venus. 


rent irregularities muſt be owing to ſome Optic 


illuſions. And after a good deal of enquiry, he 


might perhaps be at a loſs to find out the true 


cauſe of thefe irregularities; eſpecially if he were 


one of thoſe who would rather, with the greateſt 
Juſtice, charge frail man with 1gnorance, than the 
Almighty with being the author of ſuch confuſion, 

138. Dr. Lows, in his firft volume of 4fronony, 
has given us figures of the apparent paths of all the 
Planets, ſeparately from Cassin1; and on ſeeing 
them I firſt thought of attempting to trace ſome of 
them by a machine “ that ſhews the motions of the 
Sun, Mercury, and Venus, the Earth, and Moon, 
according to the Copernican Syſtem. Having taken 
off the Sun, Mercury, Venus, I put black-lead 
pencils in their places, with the points turned up- 
ward; and fixed a circular ſheet of pafte-board ſo, 
that the Earth kept conſtantly under its center in 


going round the Sun; and the paſte-board kept its 


paralleliſm. Then, prefling gently with one hand 
upon the paſte-board to make it touch the three 
pencils, with the other hand 1 turned the winch 
that moves the whole machinery: and as the Earth, 


together with the pencils in the places of Mercury 


and Venus, had their proper motions round the 
Sun's pencil, which kept at reſt in the center of 
the machine, all the three pencils deſcribed a dia- 
gram, from which the firſt Figure of the third Plate 
is truly copied in a ſmaller ſize, As the Earth 
moved round the Sun, the Sun's pencil deſcribed 
the dotted Circle of Months, whilſt Mercury's pen- 
cil drew the curve with the greateſt number ol 
loops, and Venus's that with the feweſt. In their 
inferior conjunctions they come as much nearer 


the Earth, or within the Circle of the Sun's appa- 


rent motion round the Heavens, as they go beyond 
it in their ſuperior conjunctions. On each ſide of 
the loops they appear ſtationary: in that part of 


The Ozxexy fronting the Title-Page. 
9 each 


The apparent Paths of Mercury and Venus. 


each loop next the Earth retrograde; and in all 
the reſt of their paths direct. 
If Caſſini's Figures of the paths of the Sun, Mer- 
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cury, and Venus, were put together, the Figure as 


above traced out would be exactly like them. It 
repreſents the Sun's apparent motion round the 
Ecliptic, which is the ſame every year; Mercury's 
motion for ſeven years; and Venus's for eight; in 
which time Mercury's path makes 231oops,crofling 
itſelf ſo many times, and Venus's only five. In eight 
years Venus falls ſo nearly into the ſame apparent 
path again, as to deviate very little from it in ſome 
ages; but in what number of years Mercury and 
the reſt of the Planets would deſcribe the ſame vi- 
fible paths over again, I cannot at preſent deter- 


mine. Having finiſhed the above Figure of the 


paths of Mercury and Venus, I put the Ecliptic 
round them as in the Doctor's Book; and added 
the dotted lines from the Earth to the Ecliptic for 
ſhewing Mercury's apparent or geocentric motion 
therein for one year; in which time his path makes 
three loops, and goes on a little farther; which 
ſhews that he has three inferior, and as many ſupe- 
rior conjunctions with the Sun in that time; and 
alſo that he is {ix times ſtationary, and thrice retro- 


grade. Let us now trace his motion for one year 


in the Figure. | 

Suppole Mercury to be ſetting out from A te- 
ward B (between the Earth and left-hand corner 
of the Plate) and as ſeen from the Earth, his motion 
will then be direct, or according to the order of 
the Signs. But when he comes to B, he appears 
to ſtand ſtill in the 23d degree of m at F, as ſhewn 
v7 the line BF, While he goes from B to C, the 
line BF ſuppoſed to move with him, goes back- 
ward from F to E, or contrary to the order of 
>Igns ; and when he is at C, he appears ſtationary 
at ©; having gone back 114 degrees. Now, ſuppoſe 
him ſtationary on the firſt of January at C, on the 
:0th of that month he will appear in the Heavens 
7 as 


. 


Thus Mercury ſeems to go forward 4 Signs 11 De- 


The apparent Paths of Mercury and Venus. 


as at 20, near F; on the 2oth he will be ſeen az 
at G; on the 31ſt at H; on the 10th of February 
at JI; on the 20th at K; and on the 28th ar I; 
as the dotted lines ſhew, which are drawn through 
every tenth day's motion in his Jooped path, and 
continued to the Ecliptic. On the 1oth of March 
he appears at M; on the 20th at N; and on the 
3iſt at O. On the 10th of April he appears ſta. 
tionary at P; on the 20th he ſeems to have gone 
back again to O; and on the zoth he appears ſta- 
tionary at Q, having gone back 114 degrees. 


grees, or 131 Degrees; and to go back only 11 or 
12 Degrees, at a mean rate. From the 30 th of 
April to the 10th of May, he ſeems to move from 
© to Rx and on the 20th he is ſeen at &, going 
forward in the ſame mar ner again, according 10 
the order of letters; and backward when they g 
back; which it is ncedleſs to explain any farther, 
as the reader can trace him out lo ealily, through 
the reſt of the year. Th. ſame appearances hap- 
pen in Venus's motion; but as ſhe moves flower 
than Mercury, there are longer intervals of time 
between them. 

Having already, & 120, given ſome account of 
the apparent diurnal motions of the Heavens as 
ſeen from the different Planets, we ſhall not 
trouble the reader any more with that ſubject, 


CHAP. VI. 


The Ptolemean Syſtem refuted. The Motions and 
Phaſes of Mercury and Venus explained. 


139. HE Tychonic Syſtem, & 97, being ſuff- 
ciently refuted by the 109th Article, 

we ſhall ſay nothing more about it. 
140. The Ptelemean Syſtem, & 96, which aſſerts 
the Earth to be at reſt in the Center of the Uni— 
verſe, and all the Planets with the Sun and Stars 


to move round it, is eyidently falſe and _— 
or 
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For if this hypotheſis were true, Mercury and 


Venus could never be hid behind the Sun, as their 
Orbits are included within the >un's : and again, 
theſe two Planets would always move direct, and 
be as often in Oppoſition to the Sun as in Con- 
junction with him. But the contrary of all this 
is true: for they are juſt as often behind the Sun 
as before him, appear as often to move backward 
as forward, and are ſo far from being ſeen at any 
time in the ſide of the Heavens oppoſite to the 
Sun, that they were never ſeen a quarter of a cir- 
cle in the Heavens diſtant from him. 

141. Theſe two Planets, when viewed at dif- 
ferent times with a good teleſcope, appear in all 
the various ſhapes of the Moon ; which 1s a plain 
proof that they are enlightened by the Sun, and 
ſhine not by any light of their own: for if they 
did, they would conſtantly appear round. as the 
Sun does; and could never be cen like dark ſpots 
upon the Sun when they pals directly between him 
and us. Their regular Phaſes demonſtrate them 
to be ſpherical bodies; as may be ſhewn by the 
following experiment: 

Hang an ivory ball by a thread, and let any 
perſon move it round the flame of a candle, at 
two or three yards diſtance from your eye; when 
the ball is beyond the candle, ſo as to be almoſt 
hid by the flame, its enlightened ſide will be to- 
ward you, and appear round like the Full Moon: 
when the ball is between you and the candle, its 
enlightened ſide will diſappear, as the Moon does 
at the Change : when it is half way between theſe 
two poſitions, it will appear half illuminated, like 
the Moon in her Quarters: but in every other 
place between theſe. poſitions, it will appear more 
or leſs horned or gibbous. If this experiment be 
made with a flat circular plate, you may make it 
appear fully enlightened, or not enlightened at 
all; but can neyer make it ſeem either horned 
or gibbous. 


F 4 142. If 
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PLATE]. 142. If you remove about fix or ſeven yards 
Experiment from the candle, and place yourſelf fo that its 
the motiens flame may be juſt about the height of your eye, 
oy. and then deſire the other perſon to move the ball 
* ſlowly round the candle as before, keeping it as 
near of an equal height with the flame as he poſſi 
bly can, the ball will appear to you not to move 
in a circle, but to vibrate backward and forward 
like a pendulum, moving quickeſt when it is di. 
rectly between you and the candle, and when di- 
rectly beyond it; and gradually flower as it goes 
farther to the right or left ſide of the flame, until 
It appears at the greateſt diſtance from the flame; 
and then, though it continues to move with the 
ſame velocity, it will ſeem to ſtand ſtill for a mo- 
ment. In every Revolution it will ſhew al] the 
above Phaſes, $ 141; and if two balls, a ſmaller 
and a greater, be moved in this manner round the 
candle, the ſmaller ball being kept neareſt the 
flame, and carried round almoſt three times as 
often as the greater, you will have a tolerable good 
repreſentation of the apparent Motions of Mercury 
and Venus; eſpecially if the bigger ball deſcribes 
a circle almoſt twice as large in diameter as the 
circle deſcribed by the leſſer. 
Fig. III. 143. Let ABCDE be a part or ſegment of the 
: viſible Heavens, in which the Sun, Moon, Planets, 
and Stars, appear to move at the ſame diſtance from 
the Earth E. For there are certain limits, beyond 
which the eye cannot judge of different diſtances; 
as is plain from the Moon's appearing to be as 
far from us as the Sun and Stars are. Let the 
circle fghikImno be the Orbit in which Mercury # 
moves round the Sun 5, according to the order 
of the letters. When Mercury is at /, he diſap- 
pears to the Earth at E, becauſe his enlightened 
ſide is turned from it; unleſs he be then in one of 
The Flon- his Nodes, & 20. 25 ; in which caſe he will appear 
Dieremens like a dark ſpot upon the Sun, When he is at g 


Digęreſſions 


of Mercury in his Orbit, he appears at B in the Heavens welt- 
RR | ward 
- uns , * * 
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' ward of the Sun &, which is ſeen at C: when at B, 
he appears at A, at his greateſt weſtern elongation 
or diſtance from the Sun; and then ſeems to ſtand 
ſtill. But, as he moves from h to 7, he appears to 
go from Ato B; and ſeems to be in the ſame place 
when at i, as when he was at g, but not near ſo 
big: at & he is hid from the Earth E by the Sun 
$; being then in his ſuperior Conjunction. In 
going from & to /, he appears to move from C to 
D; and when he is at , he appears ſtationary at E; 
being ſeen as far ealt from the Sun then, as he was 
weſt from it at A. In going from 7 to 0 1n his 
Orbit, he ſeems to go back again in the Heavens, 
from Eto D; and is ſeen in the ſame place (with 
reſpect to the Sun) at o, as when he was at J; but 
of a larger diameter at o, becauſe he is then nearer 
the -arth E and when he comes to f, he again 
paſſcs by the Sun, and diſappears as before. In 
going from # to þ in his Orbit, he ſeems to go 
backward in the Heavens from E to 4; and in 
going from hb ton, he ſeems to go forward from 
Ato E, as he goes on from /, a little of his en- 
lightened ſide at g is ſeen from E; at þ he appears 
half full, becauſe half of his enlightened fide is 
ſeen; at i, gibbous, or more than half full; and 
at & he would appear quite full, were he not hid 
from the Earth E by the Sun S. Ar / he appears 
gibbous again: at z half decreaſed, at o horned, 
and at F new like the Moon at her Change. He 
goes ſooner from his eaſtern ſtation at » ro his 
weſtern ſtation at , than from + to n again; be- 
caule he goes through leſs than half his Orbit in 
the former caſe, and more in the latter, 

144. In the ſame Figure, let FGHIKLAMN be 
the Orbit in which Venus v goes round the Sun &, 
according to the order of the letters: and let E 
be the Earth as before. When Venus is at F, ſhe 
sin her inferior Conjunction; and diſappears like 
tne New Moon, becauſe her dark ſide is toward 
the Earth, At G, ſhe appears half enlightened 

ro 
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to the Earth, like the Moon in her firſt quarter : 
at H, the appears gibbous; at J, almoſt full; her 
enlightened fide being then nearly towards the 
Earth: at K ſhe would appear quite full to the 
Earth E; but is hid ſrom it by the Sun S: at I, 
ſhe appears upon the decreaſe, or gibbous; at M, 
more ſo; at N, only half enlightened; and at F, 
ſhe diſappears again. In moving from N to G, 
ſhe ſeems to go backward in the Heavens; and 
from G to N, forward; but as ſhe deſcribes a 
much greater portion of her Orbit in going from 
G to N, than from N to G, ſhe appears much 
longer direct than retrograde in her motion. At 
and & ſhe appears ſtationary; as Mercury does at 
n and 5. Mercury, when ſtationary, ſeems to be 
only 28 degrees from the Sun ; and Venus when 


Orbit is included within Venus's, and Venus's 
within the Earth's. 

145. Venus, from her ſuperior Conjunction at 
K to her inferior Conjunction at F, is ſeen on the 
eaſt ſide of the Sun & from the Earth E; and there- 
fore ſhe ſhines in the Evening after the Sun ſets, 
and is called the Evening Star: for, the Sun being 
then to the weſtward of Venus, he muſt ſet firſt, 
From her inferior Conjunction to her ſuperior, 
ſhe appears on the welt {ide of the Sun; and there- 
fore riſes before him, for which reaſon ſhe is called 
the Merning Star. When ſhe is about Nor G, 
ſhe ſhines ſo bright, that bodies cait ſhadows in 
the night- time. : 

146. If the Farth kept always at E, it is evi— 
dent that the ſtationary places of Mercury and 
Venus would alwavs be in the ſame points of the 
Heavens where they were betore. For example: 
whilſt Mercury n goes from þ ton. according to 
the order of the letters, he appears to deſcribe the 
arc ABCDE in the Heavens, direct: and while 
he goes from # to , he ſeems to deſcribe the ſame 
arc back again, from E to A, retrograde; always 

at 
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at n and h he appear- ſtationary at the ſame points 
E and A as betore. But Mercury goes round his 
Orbit, from f to F again, in 88 days; and vet there 
are 116 days from any one of his Conjunctions, or 
apparent Stations, to the ſame again: and the 
places of theſe Conjunctions and Stations are found 
to be about 114 degrees caſtward from the points 
of the Heavens where they were laſt before; which 
proves that the Earth has not kept all that time at 
E, but has had a progreſſive motion in its Orbit 
from E to t. Venus alſo differs every time in the 
places of her Conjunctions and Stations; but much 
more than Mercury; becauſe, as Venus deſcribes 
a much larger Orbit than Mercury does, the Earth 
' advances ſo much the farther in its annual path be- 
fore Venus cones round again. 

147. As Mercury and Venus, ſeen from the 
Earth, have their reſpective Elongations from the 
Sun, and ſtationary places; 10 has the Earth, ſeen 
from Mars; and Mars, ſeen from Jupiter; and 
Jupiter, ſeen from Saturn. That is, to every ſupe- 
rior Planer, all the inferior ones have their Sta— 
tions and Elongations; as Venus and Mercury 
have to the Earth. As feen from Saturn, Mer- 
cury never goes more than 24 degrees from the 
Sun; Venus 4%; the Karth 6; Mars gz; and Ju- 
plier 33!; lo that Mercury, as ſeen from the 
Farth, has almoſt as great a Digreſſion or Elon- 
gation from the Sun, as Jupiter ſeen from Saturn. 
148, Becauſe the Earth's orbit is included with- 
in the Orbits of Mars, Jupiter, and Saturn, they 
are {een on all ſides of the Heavens; and are as 
often in Oppoſition to the Sun as in Conjunction 


with him. If the Earth ſtood ſtill, they would: 


always appear direct in their motions; never retro- 
grade nor ſtationaty. But they ſcem to go juſt as 
often backward as forward ; which, if gravity be 
allowed to exilt, affords a ſufficient proof of the 
Earth's annual motion: and without iis exiſtence, 
the Planets could never fall from the tangents of 


their 
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PLATE IL. their Orbits toward the Sun, nor could a ſtone, 


Fig. III. 


General 


Phenomena 
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Planet to an 
iulerior. 


Orbit, theſe two Planets appear much leſs magn!- 


which 1s once thrown up from the earth, ever fall 
to the earth again. 

149. As Venus and the Earth are ſuperior Pla. 
nets to Mercury, they ſhew much the ſame Appear. 
ances to him that Mars and Jupiter do to us. Let 
Mercury # be at /, Venus v at F, and th: Earth 
at E; in which ſituation Venus hides the Earth 
from Mercury; bur, being in oppoſition to the 
Sun, ſhe ſhines on Mercury with a full illumined 
Orb; though, with reſpect to the Earth, ſhe is in 
conjunction with the Sun, and inviſible. When 
Mercury is at /, and Venus at G, her enlightened 


Ade not being directly toward him, ſhe appears à 


little gibbous; as Mars does in a like ſituation to 
us: but, when Venus is at J, her enlightened fide 
is ſo much toward Mercury at /, that ſhe appears 
to him almoſt of a round figure. At K, Venus diſ. 


appears to Mercury at /, being then hid by the 


Sun; as wel! as all our ſuperior Planets are to us, 
when in conjunction with the Sun. When Venus 
has, as it were, emerged out of the Sun- beams, as 
at L, ſhe appears almoſt full to Mercury at /; t 
M and , a little gibbous; quite full at F, and 
largeſt of all; being then in oppoſition to the Sun, 
and conſequently ncareſt to Mercury at F; ſhining 
ſtrongly on him in the night, becauſe her diſtance 
from him then is ſomewhat leſs than a fifth part of 


her diſtance from the Earth, when ſhe appears 


roundeſt to it between 7 and K, or between K and 
L, as ſeen from the Earth E. Conſequently, when 
Venus is oppoſite to the Sun as ſeen from Mercury, 
ſhe appears more than 25 times as large to him as 
ſhe does to us when at the fulleſt. Our caſe 1s al- 
moſt ſimilar with reſpe& to Mars, when he is op- 
polite to the Sun; becauſe he is then ſo near the 
Earth, and has his whole enlightened fide to- 
ward it. Bur, becauſe the Orbits of Jupiter and 
Saturn are very large in proportion to the Earth's 
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fed at their Oppoſitions, or diminiſhed at their 
Conjunctions, than Mars does, in proportion to 
their mean apparent Diameters. 


CH AP. 


The phyſical Cauſes of the Motions of the Planets. 
The Excentricities of their Orbits. The Times in 
which the Action of Gravity could bring them to 
the Sun. ARCHIMEDES'S ideal Problem for 
moving the Earth, The World not eternal. 
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150. ROM the uniform projectile motion of Gravitation 


1 bodies in ſtraight lines and the univerſal 
power of attraction which draws them off from theſe 
lines, the curvilineal motions of all the Planets 
ariſe If the body 4 be projected along the right 
line ABX, in open Space, where it meets with no 
reliltance, and is not drawn aſide by any other 
power, it will for ever go on with the fame ve- 
locity, and in the ſame direction. For, the force 
which moves it from A to B in any given time, will 
carry it from B to X in as much more time, and 
ſo on, there being nothing to obſtruct or alter its 
motion. But if, when this projectile force has car- 
ried it, ſuppoſe to B, the body & begins to attract 
It, with a power duly adjuſted, and perpendicular 
to its motion at B, it will then be drawn from the 
ſtraight line ABA, and forced to revolve about & 
In the circle BYTU, When the body A comes to 
U, or any other part of its Orbit, if the ſmall body 
z, within the ſphere of Us attraction, be projected 
as in the right line Z, with a force perpendicular 
to the attraction of U, then 4 will go round U in 
the Orbit V/, and accompany it in its whole courſe 
round the body S. Here $ may repreſent the Sun, 
the Earth, and « the Moon. 


151. If a planet at B gravitates, or is attracted, 
toward the Sun, ſo as to fall from B toy in the 
; time 


and Po- 
jection. 


Fig. IV. 


Circular 
Orbits. 


Fig. IV, 


Fl!iptical 
Orbits. 


The phyſical Cauſes of 


time that the projectile force would have carried ie 


from B to X, it will deſcribe the curve BY by the 
combined action of theſe two forces, in the ſame 
time that the projectile force ſingly would have 
carried it from B to X, or the gravitating power 
ſingly have cauſed it to deſcend from B to y; and 
theſe two forces being duly proportioned, and per. 
pendicular to each other, the Planet obeying 
them both will move in the circle BU. 
152. But if, while the projectile force would carry 
the Planet from B to b, the Sun's attraction (which 
conſtitutes the Planet's gravitation) ſhould bring it 
down from B to 1, the gravitating power would 
then be too ſtrong for the projectile force; and 
would cauſe the Planet to deſcribe the curve BC. 
When the Planet comes to C, the gravitating power 
(which always increaſes as the ſquare of the diſtance 
from the Sus & diminiſhes) will be yet ſtronger for 
the projectile force; and by conſpiring in ſome de- 
gree therewith, will accelerate the Planet's motion 
all the way from C K; cauling it to deſcribe the 
arcs BC, CD, DE, EF, &c. all in equal times. 
Having its motion thus accelerated, it thereby 
gains ſo much centritugal force, or tendency to fly 


off at & in the line A, as overcomes the Sun's at- 


traction: and the centrijugal force being too great 
to allow the Planet to be brought nearer the Sun, 
or even to move round him in the circle Klmn, &c. 
It goes off, and aſcends in the curve KLMN, &c. 
its motion decreaſing as gradually from & to B, 
as it increaſed om B to K, becauſe the Sun's at- 
traction now cs againſt the Planet's projectile mo- 
tion juſt as much as it acied with it before. When 
the Planet has got round to B, its projectile force 
is as much diminiſhed ſrom its mean (tate about G 


* To make the prej & ile force balance the gravitating power 
ſo exactly as that the body may move in a Circle, the projec- 
tile velocity of the body mult be ſuch as it would have ac- 
quired by gravity alone in falling through half the radius of 
the Cue, 

or 
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or N, as it was augmented at K; and ſo, the Sun's 
attraction being more than ſufficient to keep the 
Planet from going off at B, it deſcribes the ſame 
Orbit over again, by virtue of the ſame forces or 
powers, 


153. A double projectile force will always ba- 
lance a quadruple power of gravity. Let the Planet 
at B have twice as great an impulſe from thence 
toward X, as it had before; that is, in the ſame 
length of time that it was projected from B to 6, 
as in the laſt example, let it now be projected 
from B to c; and it will require four times as 
much gravity to retain it in its Orbit; that is, it 
muſt fall as far as from B to 4 in the time that 
the projectile force would carry it from B to c; 
otherwiſe it could not deſcribe the curve BD, as 
is evident by the Figure. But, in as much time 
as the Planet moves from B to C in the higher 
part of its Orbit, it moves from Ito K, or from K 
to L, in the lower part thereof; becaule, from the 
joint action of theſe two forces, it muſt always de- 
ſeribe equal Areas in equal times, throughout its 
annual courſe. Theſe Areas are repreſented by the 
triangles BSC, CSM, DSE, ESF, &c. whoſe contents 
are equal to one another, quite round the Figure. 

154. As the Planets approach nearer the Sun, 
and recede farther from him, in every Revolution; 
there may be ſome difficulty in conceiving the rea- 
fon why the power of gravity, when it once gets 
the better of the projectile force, dots not bring 
the Planets nearer and nearer the Sun in every Re- 
volution, till they fail upon and unite with him; or 
why the projectile force, when it once gets the 
better of gravity, does not carry the Planets farther 
and farther from the Sun, tili it removes them quite 
out of the ſphere of his attraction, and cauſes them 
to go on in ſtraight lines for ever afterward. But by 
conlidering the effects of theſe powers as deſcribed 
in the two laſt Articles, this diſiculty will be re— 

moved. 
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moved. Suppoſe a Planet at B to be carried by 
the projectile force as far ds from B to 5, in the 
time that gravity would have brought it down from 
B to 1: by theſe two forces it will deſcribe the 
curve BC, When the Planet comes down to K, it 
will be but half as far from the Sun & as it was at 
B; and therefore, by gravitating four times a8 
ſtrongly towards him, it would fall from K to Yin 
the ſame length of time that it would have fallen 
from B to i in the higher part of its Orbit, that is, 
through four times as much ſpace; but its projectile 
force is then ſo much increaſed at &, as would carry 
it from & to & in the ſame time; being double of 
what it was at B, and is therefore too ſtrong for the 
gravitating power, either to draw the Planet to the 
Sun, or cauſe it to go round him in the circle Kmn, 
&c. which would require its falling from & to v, 


through a greater ſpace than gravity can draw it, 


while the projectile force is ſuch as would carry it 
from K to &: and therefore the Planet aſcends in 
its Orbit KL MN, decreaſing in its velocity for 
the cauſes already aſſigned in & 152. 


155. The Orbits of all the Planets are Ellipſes, 
very little different from Circles: but the Orbits of 
the Comets are very long Ellipſes; and the lower 
focus of them all is in the Sun, If we ſuppole the 


mean diſtance (or middle between the greateſt and 


leaſt) of every Planer and Comet from the Sun to 
be divided into 1000 equal parts, theExcentricities 
of their Orbits, both in ſuch parts and in Englißb 
miles, will be as follow: Mercury's, 210 parts, or 


6,720,000 miles; Venus's arts, or 413, coo 
5 3 35 


miles; the Earth's, 17 parts, or 1,377,000 miles; 


Mars's, 93 parts, or 11,439,000 miles; Jupiter's, 
48 parts, or 20, 35 3,000 miles; Saturn's, 55 parts, 
or 42,7 35,000 miles. Of the neareſt of the three 
forementioned Comets, 1,458,000 miles; of the 
middlemoſt, 2,02 5, ooo, ooo miles; and of the out- 
ermoſt, 6, Oo, ooo, ooo. 
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the Planets Motions. 


156. By the above-mentioned law, & 150 & /eg.. 
bodies will move 1n all kinds of Ellipſes, whether 
long or ſhort, if the ſpaces they move in be void 
of reſiſtance. Only thoſe which move in the longer 
E1lipſes have ſo much the leſs projectile force im- 
preſſed upon them in the higher parts of their 
Orbits; and their velocities, in coming down to- 
wards the Sun, are ſo prodigiouſly increaſed by his 
attraction, that their centrifugal forces in the lower 
parts of their Orbits are ſo great, as to overcome 
the Sun's attraction there, and cauſe them to aſcend 
again towards the higher parts of their Orbits; 
during which time, the Sun's attraction acting fo 
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contrary to the motions of thoſe bodies, cauſes 


them to move ſlower and ſlower, until their pro— 
jectile forces are diminiſhed almoſt to nothing; 
and then they are brought back again by the 
Sun's attraction, as before. 

157. If the projectile forces of all the Planets 
and Comets were deſtroyed at their mean diſtances 
from the Sun, their gravities would bring them 
down fo, as that Mercury would fall to the Sun in 
1; days 13 hours; Venus in 39 days 17 hours; 
the Earth or Moon in 64 days 10 hours; Mars in 
121 days; Jupiter in 290; and Saturn in 767. 
The neareſt Comet in 13 thouſand days; the mid- 
dlemoſt in 23 thouſand days; and the outermoſt 
in 66 thouſand days. The Moon would fall to the 
Earth in 4 days 20 hours ; Jupiter's firſt Moon 
would fall to him in 7 hours, his ſecond in 15, his 
third in 30, and his fourth in 71 hours. Saturn's 
firſt Moon would fall to him in 8 hours, his ſecond 
in 12, his third in 19, his fourth in 68 hours, and 
his fifth in 336. A ſtone would fall to the Earth's 
center, if there were a hollow paſſage, in 21 mi- 
nutes 9 ſeconds, Mr. Wn1sToN gives the follow- 
ing Rule for ſuch Computations: It is demon- 
ſtrable, that half the Period of any Planet, when 
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it is diminiſhed in the ſeſquialteral proportion of 


* Aſtronomical Principles of Religion, p. 66. 


the 


_ > . 
—_ —— — — 
— ne ee A nn» ——— 8 — 


82 


The prodi- 
gious attrac- 
tion of the 
Sun and 
Planets. 


ARrcul- 
MEDEs's 


Problem for 


raiſing the 
Earth, 


7 he phyſical Cauſes of 


the number 1 to the number 2, or nearly in the 
proportion of 10co to 2828, 1s the time that it 
would fall to the center of its Orbit. This pro- 
portion is, when a quantity or number contains an. 
other once and a half as much more. 


158. The quick motions of the Moons of Jupj. 
ter and Saturn round their Primaries, demonſtrate 
that theſe two Planets have ſtronger attractive 

owers than the Earth has. For the ſtronger 
that one body attracts another, the greater muſt 
be the projectile force, and conſequently the 
quicker mult be the motion of that other body to 
keep it from falling to its primary or central Pla- 
net. Jupiter's ſecond Moon is 124 thouſand 
miles tarther from Jupiter than our Moon is from 
us; and yet this ſecond Moon goes almoſt eight 
times round Jupiter whilſt our Moon goes only 
once round the Earth. What a prodigiovs at- 
tractive power muſt the Sun then have, to dray 
all the Planets and Satellites of the Syſtem towards 
him! and what an amazing power mult it have re- 
quired to put all theſe Planets and Moons into 
ſuch rapid motions at firſt! Amazing indeed tous 
becauſe impoſſible to be effected by the ſtrength 
of all the living Creatures in an unlimited number 
of Worlds; but no ways hard for the Almighty, 
whoſe Planetarium takes in the whole Univerſe! 

159. The celebrated ARCHIMEDEs affirmed he 
could move the Earth, if he had a place at a dil 
tance from it to ſtand upon to manage his mi 
chinery “. This aſſertion is true in Theory, but, 
upon examination, will be found abſolutely im- 
poſſible in fact, even though a proper place and 
materials of ſufficient ſtrength could be had. 

The ſimpleſt and eaſieſt method of moving 4 
heavy body a little way is by a lever or crow, where 
a ſmall weight or power applied to the long arm 

* Ie 28 go, Ki, * K5T 400 EIA . 5 Give me 2 place {0 
ſtaud on, and 1 ſhall move the Larth, 
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2 the Planets Motions. 


will raiſe a great weight on the ſhort one. But 
then the ſmall weight muſt move as much quicker 
than the great weight, as the latter is heavier than 
the former; and the length of the long arm of the 
lever mult be in the ſame proportion to the length 
of the ſhort one. Now, ſuppoſe a man to pull, or 
preſs the end of the long arm with the Shen of 
200 pound weight, and that the Earth contains in 
round num bers, 4,000,000,000,000,000,000,000, 
or 4000 Trillions of cubic feet, each at a mean 
rate weighing 100 pound: and that the prop or 
center of motion of the lever is 6000 miles from 
the Earth's center: in this caſe, the length of the 
lever from the Fulcrum or center of motion to 
the moving power or weight ought to be 12,000, 
oOo, oo, ooo, ooo, ooo, ooo, ooo, or 12 Quadrillians 
of miles; and ſo many miles muſt the power move, 
in order to raiſe the Earth but one mile; whence 
it is eaſy to compute, that if ARcHIMEDEs, or the 
power applied, could move as ſwift as a cannon- 
bullet, it would take 27,000,000,000,000, or 27 
Billions of years to raiſe the Earth one inch. 

If any other machine, ſuch as a combination of 
wheels and ſcrews, was propoſed to movethe Earth, 
the time it would require, and the ſpace gone 
through by the hand that turned the machine, 
would be the ſame as before. Hence we may 
learn, that however boundleſs our Imagination and 
Theory may be, the actual operations of man are 
confined within narrow bounds ; and more ſuited 
to our real wants than to our deſires, 
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160. The Sun and Planets mutually attract each Hard to de- 
other: the power by which they do ſo we call h Gn 
Gravity, But whether this power be mechanical viy is 
or no, is very much diſputed. Obſervation proves 
that the Planets diſturb one another's motions by 
it, and that it decreaſes according to the ſquares of 
the diſtances of the Sun and Planets; as light, 
which is known to be material, likewiſe does. 


G 2 Hence 
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Hence Gravity ſhould ſeem to ariſe from the agen. 
cy of ſome ſubtle matter preſſing toward the Sun 
and Planets, and acting like all mechanical cauſes, 
by contact. But, on the other hand, when we 
conſider that the degree or force of Gravity is ex- 
actly in proportion to the quantities of matter in 
thoſe bodies, without any regard to their bulks or 
quantities of ſurface, acting as freely on their in- 
ternal as external parts, it ſeems to ſurpaſs the 
power of mechanilm, and to be either the imme- 
diate agency of the Deity, or effected by a law 
originally eſtabliſhed and impreſt on all matter 
by him. But ſome affirm that matter, being al- 
together inert, cannot be impreſſed with any Lay, 
even by almighty Power; and that the Deity, or 
ſome ſubordinate intelligence, muſt therefore be 
conſtantly impelling the Planets toward the Sun, 
and moving them with the ſame irregularities and 
diſturbances which Gravity would cauſe, if it 
could be ſuppoſed to exiſt, But, if a man may 
venture to publiſh his own thoughts, it ſeems to 
me no more an abſurdity, to ſuppoſe the Deity ca- 
pable of infuſing a Law, or what Laws he pleaſes, 
into matter, than to ſuppoſe him capable of giving 
it exiſtence at firſt, The manner of both is equally 
inconceivable to us; but neither of them imply a 
contradiction in our ideas: and what implies no 
contradiction is within the power of Omnipotence. 

161. That the projectile force was at firſt given 
by the Neity is evident. For, ſince matter can 
never put itſelf in motion, and all bodies may be 
moved in any direction whatſoever; and yet the 
Planets, both primary and ſecondary, move from 
weſt to eaſt, in planes nearly coincident; while 
the Comets move in all directions, and in planes 
very different from one another; theſe motions 
can be owing to no mechanical cauſe or neceſſity, 
but to the free will and power of an intelligent 
Being. 
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the Planets Motions. 


162. Whatever Gravity be, it is plain that it 
acts every moment of time: for i” its action ſhould 
ceaſe, the projectile force would 11ſtantly carry off 
the Planets in ſtraight lines from thoſe parts of 
their Orbits where Gravity left them. But, the 
Planets being once pur into motion, there is no 
occaſion for any new projectile force, unleſs they 
meet with ſome reſiſtance in their Orbits; nor for 
any mending hand, unleſs they diſturb one ano- 
ther too much by their mutual attractions. 

163. It is found that there are diſturbances 
among the Planets in their motions, ariſing from 
their mutual attractions when they are in the ſame 
quarter of the Heavens; and the beſt modern ob- 
ſervers find that our years are not always preciſely 
of the ſame length *. Beſides, there is reaſon. to 
believe that the Moon is ſomewhat nearer the 
Earth now than ſhe was formerly ; her periodical 
month being ſhorter than it was in former ages. 
For our Aſtronomical Tables, which in the preſent 
Age ſhew the times of Solar and Lunar Eclipſes 
to great preciſion, do not anſwer ſo well for very 
ancient Eclipſes. Hence it appears, that the Moon 
does not move in a medium void of all reſiſtance, 
\ 174; and therefore her projectile force being 
alittle weakened, while there is nothing to diminiſh 
her gravity, ſhe muſt be gradually approaching 
nearer the Earth, deſcribing ſmaller and ſmaller 
Circles round it in every Revolution, and finiſhing 
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her Period ſooner, although her ablolute motion 


* If the Planets did not mutually attract one another, the 
areas deicribed by them would be exactly proportionate to the 
times of deſcription, $ 153. But obſervations prove that theſe 
areas are not in ſuch exact proportion, and are melt varied 
when the great-ft number of Planets are in any particular 
quarter of the Heavens. When any two Planets are in con- 
Junction, their mutual attractions, which tend to bring them 
nearer tO one another, draws the interior one a little farther 
from the Sun, and the ſuperior one a little nearer to bim; by 
which means, the figure of their Orbits is ſomewhat altered; 
but this alteration is too ſmall to be diſcovered in ſeveral ages. 


G 3 | with. 


96 


The world 
not eternal, 


The amez- 
ing ſmall- 

| neſs of the 
L oY particles of 


light, 


Concerning the Nature and 


with regard to ſpace be not ſo quick now as it was 
formerly : and, therefore, ſhe muſt come to the 
Earth at laſt; unleſs that Being, which gave her a 
ſufficient projectile force at the beginning, adds a 
little more to it in due time. And, as all the Pla- 
nets move in ſpaces full of ether and light, which 
are material ſubſtances, they too muſt meet with 
ſome reſiſtance And therefore, if their gravities 
are not diminiſhed, nor their projectile forces in- 
creaſed, they muſt neceſſarily approach nearer and 
nearer the Sun, and at length fall upon and unite 
with him. 

164. Here we have a ſtrong philoſophical ar- 
gument againſt the eternity of the World. For, 
had it exiſted from eternity, and been left by the 
Deity to be governed by the combined actions of 
the above forces or powers, generally called Laws, 
it had been at an end long ago, And if it be left 
to them, it muſt come to an end. But we may 
be certain that it will laſt as long as was intended 
by its Author, who ought no more to be found 
fault with for framing ſo periſhable a work, than 
for making man mortal. 


CHAP. VIII. 


Of Light. Its proportional Quantities on the lit 
ferent Planets. Its Refrattions in Water and 
Air. The Atmoſphere; its Weight and Proper- 
ties. The Horizontal Moon. 


165. 1 IGHT conſiſts of exceeding ſmall par- 


ticles of matter iſſuing from a luminovs 
body ; as from a lighted candle ſuch particles of 


matter conſtantly flow in all directions. Dr. Nizw- 


ENTYT®* computes, that in one ſecond of time there 
flows 418,660, oo, ooo, ooo, coo, ooo, ooo, ooo, ooo, 
ooo, coo, ooo, o, ooo particles of light out of a 
burning candle; Which number contains at leaſt 


* Religious Philoſopher, Vol. III. p. 65. 6 | 
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Properties of Light, 


6,737,242, ooo, ooo times the number of grains 
of ſand in the whole Earth; ſuppoſing 100 grains 
of ſand to be equal in length to an inch, and con- 
ſequently, every cubic inch of the Earth to con- 
tain one million of ſuch grains. F 
166. Theſe amazingly ſmall particles, by ſtrik- 
ing upon our cves, excite in our minds the idea 
of light: and, if they were as large as the ſmalleſt 
particles of matter diſcernible by our beſt micro- 
ſcopes, inſtead of being ſerviceable to us, they 
would ſoon deprive us of ſight by the force ariſing 
from their immenſe velocity, which 1s above 164 
thouſand miles every ſecond“, or 1,230,000 times 
ſwifter than the motion of a cannon-buller. And 
therefore, if the particles of light were fo large, 
that a million of them were equal in bulk to an 
ordinary grain of ſand, we durſt no more open 
our eyes to the light, than ſuffer ſand to be ſhot 
point blank againſt them. 

167, When theſe ſmall particles, flowing from 
the Sun or from a candle, fall upon bodies, and 
are thereby reflected to our eyes, they excite in 
vs the idea of that body, by forming its picture 
on the retinaf, And ſince bodies are vilible on 
all ſides, light muſt be reflected from them in all 
directions. 

168. A ray of light is a continued ſtream of 
theſe particles, flowing from any viſible body in a 
ſtraight line. That the rays move in ſtraight, and 
not in crooked lines, unleſs they be refracted, is 
evident from bodies not being viſible if we endea- 
vour to look at them through the bore of a bended 


the interpoſition of the Moon and Planets, and 
the Sun wholly or in part by the interpoſition of 
the Moon, Mercury, or Venus. And that theſe 


This will be demonſtrated in the eleventh Chapter, 
A fine net-work membrane in the bottom of the eye. 


rays do not interfere, or joſtle one another out of 
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pipe; and from their ceaſing to be ſeen by the 
interpoſition of other bodies, as the fixed Stars by 
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around, is plain from the following Experiment. 
Make a little hole in a thin plate of metal, and 
ſet the plate upright on a table, facing a row of 
lighted candles ſtanding by one another; then 
place a ſheet of paper or paſteboard at a little dif. 
tance from the other ſide of the plate, and the rays 
of all the candles, flowing through the hole, will 


form as many ſpecks of light on the paper as 


there are candles before the plate; each ſpeck as 
diſtinct and large, as if there were only one candle 
to caſt one ſpeck; which ſhews that the rays are 
no hindrance to each other in their motions, al- 
though they all croſs in the hole. 


169. Light, and therefore heat, ſo far as it de- 
pends on the Sun's rays, (§ 85, toward the end) 
decreaſes in proportion to the ſquares of the dif- 
tances of the Planets from the Sun. This is eaſily 
demonſtrated by a Figure which, together with 
Its deſcription, 1 have taken from Dr. SmiTH's 
Optics“. Let the light which flows from a point 
A, and paſſes through a ſquare hole B, be received 
upon a plane C, parallel to the plane of the hole; 
or, if you pleaſe, let the figure C be the ſhadow 
of the plane B; ard when the diſtance C is double 
of B, the length and breadth of the ſhadow C 
will be each double of the length and breadth of 
the plane B; and treble when AD is treble of AB; 
and ſo on: which may be eaſily examined by the 
light of a candle placed at 4. Therefore the 
ſurface of the ſhadow C, at the diſtance AC double 


of AB, is diviſible into four ſquares, and at a 


treble diſtance, into nine ſquares, ſeverally equal 
to the ſquare B, as repreſented in the Figure. 
The light then which falls upon the plane B, 
being ſuffered to paſs to double that diſtance, 
will be uniformly ſpread over four times the 
ſpace, and conſequently will be four times thinner 


* Book I, Art. 57, 


in 


Properties of Light. 


tance, it will be nine times thinner; and at a qua- 
druple diſtance, ſixteen times thinner, than it was 
at firſt; and ſo on, according to the increaſe of 
the ſquare ſurfaces B, C, D, E, built upon the 
diſtances AB, AC, AD, AE. Conſequently, the 
quantities of this rarificd light received upon a 
ſurface of any given ſize and ſhape whatever, re- 
moved ſucceſſively to theſe ſeveral diſtances, will 
be but one fourth, one ninth, one ſixteenth of 
the whole quantity received by it at the firſt diſ- 


\ tance AB. Or, in general words, the denſities and 


quantities of light, received upon any given plane, 
are diminiſhed in the ſame proportion, as the 
ſquares of the diſtances of that plane, from the 


luminous body, are increaſed: and, on the con- 


trary, are increaſed in the ſame proportion as theſe 
ſquares are diminiſhed. | 

170. The more a teleſcope magnifies the diſks 
of the Moon and Planets, they appear ſo much 
dimmer than to the bare eye; becauſe the tele- 
ſcope cannot magnify the quantity of light as it 
does the ſurface; and, by ſpreading the ſame 
quantity of light over a ſurface ſo much larger 
than the naked eye beheld, juſt ſo much dimmer 
muſt it appear when viewed by a teleſcope than 
by the bare eye. | 

171. When a ray of light paſſes out of one 
medium“ into another, it is refracted, or turned 
out of its firſt courſe, more or leſs, as it falls 
more or leſs obliquely on the refracting ſurface 
which divides the two mediums. This may be 
proved by ſeveral experiments ; of which we ſhall 
only give three for example's ſake. 1. In a baſon 
FGH, put a piece of money, as DB, and then retire 
from it to A; that is, till the edge of the baſon at E 
Juſt hides the money from your ſight ; then keep- 


* A medium, in this ſenſe, is any tranſparent body, or that 
through which the rays of light can paſs; as water, glaſs, dia- 
mond, air, and even a vacuum is ſometimes called a Medium. 
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out of its rectilineal courſe into the direction ED, 


Concerning the Atmoſphere, 


ing your head ſteady, let another perſon fill the 
baſon gently with water. As he fills ir, you will 
ſee more and more of the piece DB; which will 
be all in view when the baſon is full, and appear 
as if lifted up to C. For the ray AEB, which 
was ſtraight while the baſon was empty, is now 
bent at the ſurface of the water in E, and turned 


Or, in other words, the ray DEX, that proceeded 
In a ſtraight line from the edge D while the baſon 
was empty, and went above the eye at A, is now 
bent at E; and inſtead of going on in the recti. 
lineal direction DEX, goes in the angled direction 
DEA, and by entering the eye at A renders the 
object DB viſible. Or, 2dly, Place the baſon 
where the Sun ſhines obliquely, and obſerve where 
the ſhadow of the rim E falls on the bottom, as at 
B: then All it with water, and the ſhadow will fall 
at D; which proves, that the rays of light, falling 
obliquely on the ſurface of the water, are refracted, 
or bent downwards into It, 

172. The leſs obliquely the rays of light fall 
upon the ſurface of any medium, the leſs they are 
refracted ; and if they fall perpendicularly on it, 
they are not refracted at all, For, in the laſt ex. 
periment, the higher the Sun riſes, the Jefs will 
be the difference between the places where the 
edge of the ſhadow falls, in the empty and full 
baſun. And, 3dly, If a ſtick be laid over the 
baſon, and the Sun's rays being reflected perpen- 
dicularly into it from a looking-glats, the ſhadow 
of the {lick will fall upon the ſame place of the bot- 
tom, whether the baſon be full or empty. 

173. The denſer that any medium is, the more. 
is light refiacted in paſſing through it. 


2 , = R diets 4 3 * . r ES ²˙ A Sed £8: 
: , = 4 IS ts £4 N 3 aner r 8 R * >» hit « 
4 r N * 1 < Þ. J 4 s C . © N 2 ) dy * 2 WM 4 8 Fx =. at £ has b * 4 — 
* R 3 FV n n RY. : 
IS > 4 F 


ä 


174. The Earth is ſurrounded by a thin fluid 
mals of matter, called the Air or Atmoſp vere, 
which gravitates to the Earth, revolves with it in 


its diurnal motion, and goes round the Sun with 
it 
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Cohcerning the Atmoſphere. 


it every year. This fluid is of an elaſtic or ſpringy 
nature, and its loweſt part, being preſſed by the 
weight of all the Air above it, is preſſed rhe cloſeſt 
together; and therefore the atmoſphere is denſeft 
of all at the Earth's Surface, and becomes gradu- 
ally rarer higher up. It is well kaown® that the 
Air near the ſurface of our Earth poſſeſſes a pace 
about 1200 times greater than Water of the fame 
weight. And therefore, a cylindric column of 
Air 1200 feet high, is of equa] weight with a cylin- 
der of Water of the fame breadth, and but one 
foot high. But a cylinder of Air reaching to the 
top of the Atmoſphere is of equal weight with a 
cylinder of Water about 33 feet high; and there- 
fore, if from the whole cylinder of Air, the lower 
part of 1200 feet high is taken away, the remaining 
upper part will be of equal weight with a cylinder 
of Water 32 feet high; wherefore, at the height 
of 1200 feet, or two furlongs, the weight of the 
incumbent air is leſs, and conſequently the rarity 
of the compreſſed Air 1s greater than near the 
Earth's ſurface, in the ratio of 33 to 32. And 
the Air at all heights whatſoever, ſuppoſing the 
expanſion thereof to be reciprocally proportional 
to its compreſſion ; and this proportion has been 
proved by the experiments of Dr. Hecke and 
others, The reſult of the computation I have ſer 
down in the annexed Table: in the firſt column 
of which you have the height of the Air in miles, 
whereof 4000 make a ſemi-diameter of the Earth; 
in the ſecond the compreſſion of the Air, or the 
Incumbent weight; in the third its rarity or ex- 
panſion, ſuppoling gravity to decreaſe in the du- 
plicate ratio of the diſtances from the Earth's 
center, And the {mall numeral figures are hereuſed 
to ſhew what nuraber of cyphers mult be joined 


* NewrTox's Sy/em of the World, p. 120. 
+ This is evident from common pumps. 
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From the above Table it appears that the Air 

in proceeding upward is rarified in ſuch manner, 
that a ſphere of that Air which is neareſt the Earth 
but of one inch diameter, if dilated to an equal 
rarefaction with that of the Air at the height of 
ten ſemi-diameters of the Earth, would fill up 
more ſpace than 1s contained in the whole Hea- 
vens on this ſide the fixed Stars. And it likewiſe 
appears that the Moon does not move in a per- 
fectly free and unreſiſting medium; although the 
Air, at a height equal to her diſtances, is at leaſt 
3400“ times thinner than at the Earth's ſurface; 
and therefore cannot reſiſt her motion, ſo as to be 
ſenſible in many ages. | 
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175. The weight of the Air, at the Earth's ſur— 
face, is found by experiments made with the Air- 
pump; and alſo by the quantity of mercury that 
the Atmoſphere balances in the barometer; in 
which, at a mean ſtate, the mercury ſtands 291 
inches high. And if the tube were a ſquare inch 
wide, it would at that height contain 294 cubic 


inches of mercury, which is juſt 15 pound weight ! 
an 
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Concerning the Atmoſphere. 


and ſo much weight of air every ſquare inch of 
the Farth's ſurface ſuſtains; and every ſquare foot 
144 times as much, becauſe it contains 144 ſquare 
inches. Now, as the Earth's ſurface contains, in 
round numbers, 200,000,000 ſquare miles, it muſt 
contain no leſs than 5,57 5,680,000,000,000 ſquare 
feet; which being mulciplied by 2160, the num- 
ber of pounds on each ſquare foot, amounts to 
12,043,468, 800, ooo, ooo, ooo pounds, for the 
weight of the whole Atmoſphere. At this rate, a 
middle- ſized man, whoſe ſurface is about 15 ſquare 
feet, is preſſed by 32,400 pound. weight of Air all 
- around; for fluids preſs equally up and down, and 
on all ſides. But, becauſe this enormous weight 


is equal on all ſides, and counterbalanced by the 


ſpring of the Air diffuſed through all parts of our 
bodies, it is not in the leaſt degree felt by us. 
176. Oftentimes the ſtate of the Air is ſuch, 
that we feel ourſelves languid and dull; which is 
commonly thought to be occaſioned by the Air's 
being foggy and heavy about us. But that the 
Air is then too light, is evident from the mer- 


cury's ſinking in the barometer, at which time it 


is generally found that the Air has not ſufficient 
ſtrength to bear up the vapours which compoſe 
the Clouds: for, when it is otherwiſe, the Clouds 
mount high, and the Air is more elaſtic and weighty 
about us, by which means it balances the internal 


A common 
miſtake 
about the 
weight of 
the Ait. 


ſpring of the Air within us, braces up our blood- 
veſſels and nerves, and makes us briſk and lively. A 


177. According to Dr. KEILL*, and other aſtro- 
nomical writers, it is entirely owing to the Atmo- 
ſphere that the Heavens appear bright in the day- 
time, For, without an Atmoſphere, only that 
part of the Heavens would ſhine in which the Sun 
was placed: and if we could live without Air, 
and ſhould turn our backs toward the Sun, the 
whole Heavens would appear as dark as in the 


See his Aſtronomy, p. 232, 


night, 
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Tt brings the 
Sun in vicw 
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in view after 
he ſets, 


than he would be if there were no refractions: 


Fig, IX, 


low it. For, at ſome times of the vear, we fee 
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the nocturnal ſky. In this caſe, we ſhould have 
no twilight; but a ſudden tranſition from the 
brighteſt ſun-ſhine-to the blackeſt darkneſs imme. 
diately after ſun ſet; and from the blackeſt dark. 
neſs to the brighteſt ſun-ſhine at ſun- riſing; which 
would be extremely inconvenient, if not blinding, 
to all mortals. But, by means of the Atmo. 
ſphere, we enjoy the Sun's light, reflected from 
the aerial particles, for ſome time before he riſes 
and after he ſets. For, when the Earth by its 
rotation has withdrawn our ſight from the Sun, 
the Armoſphere being ſtill higher than we, has the 
Sun's light imparted to ir; which gradually de. 
creaſes until he has got 18 degrees below the Ho. 
rizon; and then, all that part of the Atmoſphere 
which is above us is dark, From the length of 
twilight, the Doctor has calculated the height of 
the Atmoſphere (ſo far as it is denſe enough to re- 
flect any light) to be about 44 miles. But it is 
ſeldom denſe enough at two miles height to beat 
up the clouds. 


178. The Atmoſphere refracts the Sun's rays 
ſo, as to bring him in ſight every clear day, be- 
fore he riſes in the Horizon; and to keep him in 
view for ſome minutes after he has really ſet be— 


the Sun ten minutes longer above the Horizon 


and about ſix minutes every day at a mean rate. 

179 To illuſtrate this, let IEK be a part of 
the Earth's ſurface, covered with the Atmoſphere 
HGFC; and let HEO be the ſenſible Horizon“ 
of an obſerver at E. When the Sun is at A, really 
below the Horizon, a ray of light, AC, proceeding 
from him comes ſtraight to C, where it falls on 
the ſurface of the Atmoſphere, and there entering 
a denſer medium, it is turned out of its rectilineal 
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Concerning the Atmoſphere. 


courſe AC4G, and bent down to the obſerver's eye 
at E; who then ſees the Sun in the direction of the 
refracted ray Ede, which hes above the Horizon, 
and being extended out to the Heavens, ſhews the 
Sun at B, § 171. 

180. The higher the Sun riſes, the leſs his rays 
are refracted, becauſe they fall leſs obliquely on 
the ſurface of the Atmoſphere, § 172. Thus, 
when the Sun is in the direction of the line Ef L 
continued, he is ſo nearly perpendicular to the 
ſurface of the Earth at E, that his rays are but 
very little bent from a rectilineal courſe. 

181. The Sun is about 324 min. of a deg. in 
breadth, when at his mean diſtance from the 
Earth; and the horizontal refraction of his rays is 
331 min. which being more than his whole dia- 
meter, brings all his Diſc in view, when his upper- 
moſt edge Tiſes in the Horizon. At ten deg. 
height, the refraction is not quite 5 min.; at 20 
deg. only 2 min. 26 ſec.; at 30 deg. but 1 min. 
32ſec. ; and at the Zenith, it is nothing; the quan- 
tity throughout is ſhewn by the annexed Table, 
calculated by Six ISAAC NEWTON. 


The quan- 
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182. A TABLE ſhewing the Refrattions of 
the Sun, Moon, and Stars; adapted 
to their apparent Altitudes. 
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133. In all obſervations, to have the true alti- 
tude of the Sun, Moon, or Stars, the refraction 
muſt be ſubtracted from the obſerved altitude. 
But the quantity of refraction is not always the 
ſame at the ſame altitude; becauſe heat diminiſhes 
the Air's refractive power and denſity, and cold 
increaſes both; and therefore no one table can 
ſerve preciſely for the ſame place at all ſeaſons, 
nor even at all times of the ſame day, much leſs 


W for different climates; it having been obſerved 


that the horizontal refractions are near a third part 
leſs at the Equator than at Paris, as mentioned by 
Dr. SMITH in the 370th remark on his Optics, 
where the following account is given of an extra- 
ordinary refraction of the Sun-beams by cold, 
“There is a famous obſervation of this kind made 
by ſome Hollanders that wintered in Nova Zembla 
in the year 1596, who were ſurprized to find, that 
after a continual night of three months, the Sun 
began to riſe ſeventeen days ſooner than according 
to computation, deduced from the Altitude of the 


1 Pole obſerved to be 76“: which cannot otherwiſe 


be accounted for, than by an extraordinary re- 


fraction of the Sun's rays paſſing through the 


cold denſe air in that climate. Kepler computes 
that the Sun was almoſt five degrees below the 
Horizon when he firſt appeared; and conſe- 
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caſe con- 
cerning 
refraction, 2 


quently the refraction of his rays was about nine 


times greater than it is with us.“ 


184. The Sun and Moon appear of an oval 
igure, as FCGD, juſt after their riſing, and be- 
fore their ſetting: the reaſon of which is, the re- 
ſtaction being greater in the Horizon than at any 
diſtance above it, the lower limb G is more ele- 
vated by it than the uppermoſt. But although the 
refraction ſhortens the vertical Diameter FG, it has 
no ſenſible effect on the horizontal Diameter CD, 
Which is all equally elevated. When the refrac- 
tion 1s ſo ſmall as to be imperceptible, the Sun 
and Moon appear perfectly round, as AE BF. 

| E 18 5. We 


Fig. X. 


l 
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Our imagi- 
nation can- 
not judge 
rightly of 
the diſtance 
of inacceſ- 
fible objects. 


objects do when they appear leſs bright and worſe 
defined, even though their diſtance in both caſe; 


PLATE II. 
Fig. V. 
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185. We daily obſerve, that the objects which 
appear moſt diſtinct are generally thoſe which are 
neareſt to us; and conſequently, when we haye 
nothing but our imagination to aſſiſt us in eſtimat. 
ing of diſtances, bright objects ſeem nearer to us 
than thoſe which are leſs bright, or than the ſame 


be the ſame. And if in both caſes they are ſeen 
under the ſame Angle“, our imagination natu- 
rally 


An Angle is the inclination of two right lines, as Hand 
KH, meeting in a point at H; and in deſcribing an Angle hy 
three letters, the middle letter always denotes the angular 
Point; thus, the above lines IH and KH meeting each other 
at H, make the Angle IHK; and the point H is ſuppoſed to 
be the center of a Circle, the circumference of which contains 
360 equal parts, called Degrees. A fourth part of a Circle, 
called a Quadrant, as GE, contains go degrees ; and every 
Angle is meaſured by the number of degrees in the Arc it cu 
off; as the Angle EHP is 45 degrees, the Angle EHF zz, &. 
and ſo the Angle EHF is the ſame with the Angle CHN, and 
alſo with the Angle 4HM, becauſe they all cut off the ſane 
Arc or portion of the Quadrant EG; but the Angle EHF i 
greater than the Angle CHD or AHL, becauſe it cuts of 
greater Arc. a 

The nearer an object is to the eye, the bigger it appear, 
and it is ſeen under the greater Angle. To illuſtrate this: 
little, ſuppoſe an Arrow in the poſition IX, perpendicular v 
the right line HA. drawn from the eye at H through the middle 
of the Arrow at O. It is plain that the Arrow is ſeen under ie 
Angle IHK, and that HO, which is its diſtance from the ey! 
divides into halves both the Arrow and the Angle under whid 
it is ſeen, viz. the Arrow into /O, OK; and the Angle int! 
THO and KHO: and this will be the caſe whatever diltane 
the Arrow is placed at. Let now three Arrows, all of de 
ſame length with IK, be placed at the diſtances HA, HC, Hl, 
ſill perpendicular to, and biſeRed by the right line HA; td 
will 4B, CD, EF, be each equal to, and repreſent OI; and 43 

(the ſame as OI) will be ſeen trom H under the Angle Al 
but CD (the fame as OI) will be ſeen under the Angle CH, 
or AHL; and EF (the ſame as OI) will be ſeen under if 
Angle EHF, or CHN. or AHM. Alſo EF, or Ol, at the di 
tance HE, will appear as long as ON would at the diſt 
HC, or as AM would at the diſtance HA; and CD, or 10," 


ine dillance HC, will appear as long as AL would at 10 


The Phenomena of the Horizontal Moon, &c. 


rally ſuggeſts an idea of a greater diſtance between 
us and thoſe objects which appear fainter and 
worſe defined than thoſe which appear brighter 


objects as we were never near to, and of whoſe 
real Magnitudes we can be no judges by fight. 
186. But, it is not only in judging of the dif- 
ferent apparent Magnitudes of the ſame objects, 
which are better or worſe defined by their being 
more or leſs bright, that we may be deceived: for 
we may make a wrong concluſion even when we 
view them under equal degrees of brightneſs, and 
| under equal Angles; although they be objects 
W whoſe bulks we are generally acquainted with, 
ſuch as houſes or trees: for proof of which, the 
two following inſtances may ſuffice: 
= Firſt, When a houſe is ſeen over a very broad 
WE river by a perſon ſtanding on low ground, who 
ſees nothing of the river, nor knows of it before- 
hand: the breadth of the river being hid from 
him, becauſe the banks ſeem contiguous, he loſes 
the idea of a diſtance equal to that breadth; and 
che houſe ſeems ſmall, becauſe he refers it to a leſs 
Wl diſtance than it really is at. But, if he goes tp a 
place from which the river and interjacent ground 
can be ſeen, though no farther from the houſe, he 
en perceives the houſe to be at a greater diſtance 
chan he imagined ; and therefore fancies it to be 
bigger than he did at firſt ; although in both caſes 
WT it appears under the ſame angle, and conſequently 
makes no bigger picture on the retina of his eye 
In the latter caſe than it did in the former. Many 
bave been deceived, by taking a red coat of arms 
bed upon the iron gate in Clare- Hall walks at 


3 tance HA. So that as an object approaches the eye, both its 
Maggaitude and the Angle under which is is ſeen increaſe; and 
Loe contrary as the object recedes, 


H 2 Cambridge, 


under the ſame Angles; eſpecially if they be ſuch 
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Fig. XII. 


generally imagine a ſmall houſe, which is juſt at 


The Phenomena of the 


diſtance®. 
Secondly, In foggy weather, at firſt ſight, we 


hand, to be a great caſtle at a diſtance; becauſe it 
appears ſo dull and ill-defined when ſeen through 
the Miſt, that we refer it to a much greater dif. 
tance than it really is at; and therefore, under the 
ſame Angle, we judge it to be much bigger. For 
the near object FE, ſeen by the eye ABD, appears 
under the ſame Angle G CH that the remote ob. 
Jet G HI does: and the rays GFCN and HECH, 
croſling one another at C in the pupil of the eye, 
limit the ſize of the picture MN on the reting, 
which is the picture of the object FE; and if FE 
were taken away, would be the picture of the ob- 
jet GH, only worſe defined; becauſe GH 
being farther off, appears duller and fainter than 


FE did. But when a Fog, as KL, comes be. 


tween the eye and the object FE, the object ap- 
pears dull and ill- defined like G HI; which cauſes 
our imagination to refer FE to the greater dil 
tance CH, inſtead of the ſmall diſtance CE, which 
it really is at. And conſequently, as miſ-judging 
the diſtance does not in the leaſt diminiſh the 


Angle under which the object appears, the ſmall 


hay-rick FE ſeems to be as big as GH. 


*The fields which are beyond the gate riſe gradually til 
they are juſt ſeen over it; and the arms being red, are oftet 
miſtaken for a houſe at a conſiderable diſtance in thoſe fields. 
TI once met with a curious deception in a gentleman's g. 
den at Hackney, occaſioned by a large pane of glaſs in the get. 
den- wall at ſome diſtance from his houſe, The glaſs (throug) 
which the ſky was ſeen from low ground) reflected a ve!) 
faint image of the Houſe; but the image ſeemed to be in tit 
Clouds near the Horizon, and at that diſtance looked as if it 
were a huge caſtle in the Air. Yet the Angle, under which 
the image appeared, was equal to that under which the houſe 
was ſeen: but the image being mentally referred to a much 
greater diſtance than the houſe, appeared much bigger to the 


imagination. 55 The 
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Horizontal Moon explained. 


187. The Sun and Moon appear bigger in the 
Horizon than at any conſiderable height above it. 
Theſe Luminaries, although at great diſtances 
from the Earth, appear floating, as it were, on the 
ſurface of our Atmoſphere H FC, a little way 
beyond the Clouds; of which, thoſe about F, 
directly over our heads at E, are nearer us than 
thoſe about Hor e in the Horizon HEe. There- 
fore, when the Sun or Moon appear in the Hori- 
zon at e, they are not only ſeen in a part of the 
Sky which is really farther from us than if they 
were at any conſiderable Altitude, as about f; but 
they are alſo ſeen through a greater quantity of 
Air and Vapours at e than at 7. Here we have 
two concurring appearances which deceive our 
imagination, and cauſe us to refer the Sun and 
Moon to a greater diſtance at their riſing or ſet- 
ting about e, than when they are conſiderably 
high, as at F: firſt, their ſeeming to be on a part 
of the Armoſphere at e, which is really farther 
than f from a ſpectator at E; and ſecondly, their 
being ſeen through a groſſer medium, when at e, 
than when at 7; which, by rendering them dim- 
mer, cauſes us to imagine them to be at a yet 
greater diſtance, And as, in both caſes, they are 
ſeen * much under the ſame Angle, we naturally 
judge them to be biggeſt when they ſeem ſartheſt 
from us; like the above-mentioned houſe, & 186, 
ſeen from a higher ground, which ſhewed it to be 
farther off than it appeared from low ground, or 


the hay-rick, which appeared at a greater diſtance 


by means of an interpoſing Fog. 

188. Any one may ſatisfy himſelf that the Moon 
appears under no greater Angle in the Horizon 
than on the Meridian, by taking a large ſheet of 
paper, and rolling it up in the form of a Tube, 
of ſuch a width, that obſerving the Moon through 


.. The Sun and Moon ſubtend a greater Angle on the Me- 
ndian than in the Horizon, being nearer the Obſerver's Place 


in the former caſe then in the latter. 
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Fig. IX. 


Why the 
Sun and 
Moon ap- 
pear bigeeſt 
in the Ho- 


rizon. 


Their ape 
parent Dize 
meters are 
not leſs on 
the Meri- 


ia than in 


the Hort- 


Zons 
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it when ſhe riſes, ſhe may, as it were, juſt fill thei 
Tube; then tie a thread round it to keep it of 
that ſize; and when the Moon comes to the Meri 
dian, and appears much leſs to the eye, look # 
her again through the ſame Tube, and ſhe will fil 
it juſt as much, if not more, than ſhe did at her! 
riſing. | 9 

189. When the full Moon is in perigee, or ati 

her leaſt diſtance from the Earth, ſhe is ſeen unde 
a larger Angle, and mult therefore appear bigget 
than when ſhe 1s full at other times; and if that 
part of the Atmoſphere where ſhe riſes be mog 
replete with Vapours than uſual, ſhe appears . 
much the dimmer; and therefore we fancy her 94 
be ſtill the bigger, by referring her to an unuſually? 
great diſtance, knowing that no objects which 
are very far diſtant can appear big unleſs they be 
really ſo, | 


CHAP. IK. 


The Method of finding the Diſtances of the Su 
Moon, and Planets. 


190. FFAHOSE who have not learnt how to? 
take the * Altitude of any Celeſtial 
Phenomenon by a common Quadrant, nor knoy 
*  .- 


*The Altitude of any celeſtial Object is an arc of the 
intercepted between the Horizon and the Object. In Fig 
of Plate II. let HOX be a horizontal line, ſuppoſed to bee 
tended from the eye at 4 to A, where the Sky and Earth ſeem? 
to meet at the end of a long and level plain; and let $ be the? 
Sun. The arc XY will be the Sun's height above the Hof. 
zon at A, and is found by the inſtrument ECD, which b 
quadrantal board, or plate of metal, divided into go equal 
p_ or degrees on its limb DPC, and has a couple of little 

raſs plates, as à and &, with a ſmall hole in each of chem 
called Sight-Holes, for looking throogh, parallel to the edge 
the Quadrant which they ſtand on. To the center E is fixed 
one end of a thread F, called the Plumb-Line, which hasa ſmall 
weight or plummet P fixed to its other end. Now, if an ob 
leryer holds the Quadrant upright, without inclining _ 
el 
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. of the Sun, Moon, and Planets. 


ny thing of plain Trigonometry, may paſs over 
he firſt Article of this ſhort Chapter, and take the 
\ftronomer's word for it, that the diſtances of the 
Sun and Planets are as ſtated in the firſt Chapter 
of this Book. But, to every one who knows how 
o take the Altitude of the Sun, the Moon, or a 
Star, and can ſolve a plain right-angled Triangle, 
he following method of finding the diſtances of 
he Sun and Moon will be eaſily underſtood. 

Let BAG be one half of the Earth, AC its 
emi-diameter, & the Sun, the Moon, and EXOL 


revolving from the Meridian to the Meridian 
again. Let CRS be the rational Horizon of an 
obſerver at A, extended to the Sun in the Hea- 
vens; and HA O his ſenſible Horizon, extended to 
the Moon's Orbit. AL is the Angle under which 
the Earth's ſemi-diameter AC is ſeen from the 
Moon at L, which is equal to the Angle OAL, 
becauſe the right lines 40 and CL, which include 
both theſe Angles, are parallel. ASC is the Angle 


either ſide, and ſo that the Horizon at X is ſeen through the 
ſight-holes à and 3, the plumb-line will cut or hang over the 
beginning of the degrees at o, in the edge EC; but if he ele- 
vates the Quadrant ſo as to look through the ſight-holes at any 
part of the Heavens, ſuppoſe the Sun at &, juſt ſo many de- 
grees as he elevates the ſight-hole & above the horizontal line 
HOX, ſo many degrees will the plumb-line cut in the limb 
CP of the Quadrant. For, let the obſerver's eye at A be in 
the center of the celeſtial Arc A (and he may be ſaid to be 
in the center of the Sun's apparent diurnal Orbit, let him be 
on what part of the Earth he will) in which Arc the Sun 1s 
at that time, ſuppoſe 25 degrees high, and let the obſerver 
hold the Quadrant ſo that he may ſee the Sun through the 
fight-holes ; the plumb-line freely playing on the Quadrant 
will cut the 25th degree in the limb CP, equal to the number 
of degrees of the Sun's Altitude at the time of obſervation. 
N. Z. Whoever looks at the Sun muſt have a ſmoked glaſs 
before his eyes to ſave them from hurt, The better way is 
not to look at the Sun through the fight-holes, but to hold 
the Quadrant facing the eye at a little diſtance, and ſo that the 


Sun ſhining through one hole, the ray may be ſeen to fall on 
the other. 


FS id under 


a quarter of the Circle deſcribed by the Moon in 
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_ Earth's ſemi-diameter AC appears much greater 


from the Sun than from the Moon“. The Quan. 


and its edge AD in the plane of the Meridian: fo 


+ fourth part round it in a fourth part of that time, 


is ſeen at O (which will be when ſhe is in or near 


The Method of finding the Diſtances 


under which the Earth's ſemi- diameter AC is ſeen 
from the Sun at S, and is equal to the Angle 04% 
becauſe the lines AO and CRS are parallel. Noy 
it is found by obſervation, that the Angle OAL i 
much greater than the Angle OA; but OAL i 
equal to ALC, and OAf is equal to ASC. Noy, 
as ASC is much leſs than ALC, it proves that the 


as ſeen from the Moon at L, than from the Sun 
at &; and therefore the Earth is much farther 


tities of theſe Angles may be determined by ob- 
ſervation in the following manner : 

Let a graduated inſtrument, as DAE, (the larger 
the better) having a moveable Index with Sight- 
holes, be fixed in ſuch a manner, that its plane 
ſurface may be parallel to the plane of the Equator, 


that when the Moon is in the Equinoctial, and on 
the Meridian ADE, ſhe may be ſeen through the 
ſight-holes when the edge of the moveable Index 
cuts the beginning of the diviſions at o, on the gra. 
duated limb DE; and when ſhe is ſo ſeen, let the 
preciſe time be noted. Now, as the Moon revolves 
about the Earth from the Meridian to the Meridian 
again in about 24 hours 48 minutes, ſhe will go: 


Viz. in 6 hours 12 minutes, as ſeen from C, that 
is, from the Earth's center or pole, But as ſeen 
from A, the obſerver's place on the Earth's ſur. 
face, the Moon will ſeem to have gone a quarter 
round the Earth when ſhe comes to the ſenſible 
Horizon at O; for the Index throvgh the ſights 
of which ſhe is then viewed will be at 4, 50 de- 
grees from D, where it was when ſhe was ſeen at 
E. Now, let the exact moment when the Moon 


* See the Note on & 185. 
the 


of the Sun, Moon, and Planets. | 105 


me ſenſible Horizon) be carefully noted“, that 

it may be known in what time ſhe has gone from 

E to O; which time ſubtracted from 6 hours 12 

minutes (the time of her going from E to L) leaves 8 
the time of her going from O to L, and affords an — 
eiy method for finding the Angle OAL (called what. 

the Moon's Horizontal Parallax, which is equal to 

the Angle ALC) by the following Analogy : As 

the time of the Moon's deſcribing the Arc EO is 

xo 90 degrees, ſo is 6 hours 12 minutes to the de- 

orees of the Arc Dde, which meaſures the Angle 

LAL; from which ſubtract go degrees, and there 

emains the Angle OAL, equal to the Angle ALC, 

nder which the Earth's ſemi-diameter AC is ſeen 

rom the Moon. Now, ſince all the Angles of a 

ght-lined Triangle are equal to 180 degrees, or 

0two right Angles, and the ſides of a Triangle 

re always proportionable to the Sines of the oppo- 

te Angles, ſay, by the Rule of Three, as the Sine rue 
the Angle ALC, at the Moon T, is to its oppo- One ae 
ite fide AC, the Earth's ſemi-diameter, which is | 
nown to be 3985 miles, ſo is Radius, viz. the 

ine of 50 degrees, or of the right Angle ALC, 

its oppoſite fide MD, which is the Moon's diſ- 

ance at L from the obſerver's place at A on the 

th's ſurface; or, fo is the Sine of the Angle 

I to its oppoſite ſide CL, which is the Moon's 

tance from the Earth's center, and comes out 

a mean rate to be 240,000 miles. The Angle 
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b hardly perceptible, being ſcarce 10 ſeconds tie Moon's, 
minute, or the 36oth part of a degree. But 


. Lis equal to what OA L wants of go degrees. | 
er 191, The Sun's diſtance from the Earth might Tre Sun's | 
le found the ſame way, though with more diffi- oe. if 
t Ity, if his horizontal Parallax, or the Angle OA, yet te ex- 1 
e- al to the Angle ASC, were not ſo ſmall, as 2912.00 lh 


Here proper allowance muſt be made for the Refraction, 
ch being about 34 minutes of a degree in the Horizon, will 


» the Moon's center to appear 34 minutes above the Hori- 
when ber center is really in it. 


h 
a the 


the Moon's diſtance is certainly known to be 20 


Earth, and conſequently the diſtances of all it 


How near 

the truth it 
may hon be 
determined, 


The Sun 
proved to be 
nuch bigger 
than the 
Moon. 


therefore, the diſtances of the heavenly bodit 


tances are known. Spheres are to one anoth!* 
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the Moon's horizontal Parallax, or Angle 047, 
equal to the Angle ALC, is very diſcernible, he. 
ing 57 18”, or 3438” at its mean ſtate; which z 
more than 340 times as great as the Sun's: an, 


being inverſely as the Tangents of their horizonty 
Parallaxes, the Sun's diſtance from the Earth i 
at leaſt 340 times as great as the Moon's; and j 
rather under-rated at 81 millions of miles, when 


thouſand. But becauſe, according to ſome Aſty. 
nomers, the Sun's horizontal Parallax is 11 f. 
conds, and according to others only 10, the forme 
Parallax making the Sun's diſtance to be abou 
75,000,000 of miles, and the latter 82,000,000; 
we may take it for granted, that the Sun's diſtana 
is not leſs than as deduced from the former, 90 
more than as ſhewn by the latter: and every on, 
who is accuſtomed to make ſuch obſervations! 
knows how hard it is, if not impoſſible, to aui 
an error of a ſecond ; eſpecially on account of th 
inconſtancy of horizontal Refractions. And bet 
the error of one ſecond, in fo ſmall an Angle, nl 
make an error of 7 millions of miles in ſo grett 
diſtance as that of the Sun's. But Dr. Haw 
has ſhewn us how the Sun's diſtance from tit 


Planets from the Sun, may be known to witli 
a gooth part of the whole, by a Tranſit of Vea 
over the Sun's Diſc, which will happen on theb 
of June, in the year 1761; till which time we m 
content ourſelves with allowing the Sun's diſt 
to be about $1 millions of miles, as comma 
ſtated by Aſtronomers. 

192. The Sun and Moon appear much av 
the fame bulk: And every one who underſtas 
Geometry, knows how their true bulks maj" 
deduced from the apparent, when their real 


the Cubes of their Diameters; whence, if the 1 


of the Sun, Meow, and Planets. 


be $1 millions of miles from the Earth, to appear 
2s big as the Moon, whoſe diſtance does not ex- 
ceed 240 thouſand miles, he muſt, in ſolid bulk, 
be 42 millions 875 thouſand times as big as the 
Moon. 

193. The horizontal Parallaxes are beſt ob- 
ſerved at the Equator; 1. Becauſe the heat is ſo 
nearly equal every day, that the Refractions are 
almoſt conſtantly the ſame. 2. Becauſe the pa- 
rallatic Angle is greater there, (as at A the diſ- 
tance from thence to the Earth's Axis being great- 
er), than upon any parallel of Latitude, as à or #. 


194. The Earth's diſtance from the Sun being The rn. 
determined, the diſtances of all the other Planets n e 
from him are eaſily found by the following ana- the Planets 
logy, their periods round him being aſcertained Sun are 
by obſervation. As the ſquare of the Earth's pe- known to 
riod round the Sun is to the cube of its diſtance = — 
from the Sun, ſo is the ſquare of the period of any ge 
other Planet to the cube of its diſtance, in ſuch parts are nor well 
or meaſures as the Earth's diſtance was taken; L. 
ſee $111, This proportion gives the relative 
mean diſtances of the Planets from the Sun to the 
greateſt degree of exactneſs; and they are as fol- 
lows, having been deduced from their periodical 
times, according to the law juſt mentioned, which 
was diſcovered by KEPLER, and demonſtrated by 


dir Isaac NtewToN®, 
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3 All the following calculations on the next page, except 
_ in the two laſt lines before F 195, were printed in former 
ecitions of this work, before the year 1761. Since that time, 


the ſaid two lines (as found by the Tranſit A. D. 1761) were 
zaded; and alſo 8 195. , ; " 
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Periodical Revolutions to the ſame fixed Star in days and decing} 


Mercury 
87.9692 


38710] 


From theſe numbers we deduce, that if the Sun's horizontal Parallax be 10% the ry 
31,742,200 | 5931 3,060 | 82,0c0,0c0 | 124,942,680 | 426,478,720 | 782,284,920 | 1, $65,014 


29,032,500 | 54,233,570 | 75,000,000 | 114,276,750 | 390,034,500 | 715,504,500 | 1,4314;; 
Errors in diſtance arifing from the miſtake of 1“ in the Sun's Parallax, 
2,709,700 | 5,074,490. 7,000,000 | 10,665,830 | 36,444,220 | 66,780,420 | 133,togly 
But, from the late Tranſit of Venus, A. D. 1761, the Sun's Parallax appears to he 
| only 8'.%.3.; and according to that, their real diſtances in miles are 
| $6,341,463 | 68,891,436 | 95,173,127 | 145,014 148 | 494 990,976 | 907,956,130 | 55816435 


3100 | 


The Periods and Diſtances of the Planets. 


parts of a day. 


Venus The Earth Mars Jupiter Saturn | Georgia 
14 zogzin 


224-6176 365.2564 636.9785 4332+5 
; Relative mean diſtances from the Sun. 
72333 | 10 1752369 groog6| 94006 


1079-275 


mean diſtances of the Planets from the Sun in Engliſh Miles are 


But if the Sun's Parallax be 11%, their diſtances are no more than 


And their diameters, in miles, are 


190dgh 


l 


9360] 7970 5150 94% 77,90 


195. Theſe numbers ſhew, that although ve 


have the relative diſtances of the Planets from the 


Sun to the greateſt nicety, yet the beſt obſervers 
could not aſcertain their true diſtances until the 
late long-wiſhed-for Tranſit appeared, in 1761, 
which we mult confeſs was embarraſſed with ſeveri 
difficulties. But another Tranſitof Venus overthe 
Sun has now been obſerved, on the third of Jur 
1769, much better ſuited to the reſolution of this 
great Problem than that in 1761 was; and there: 
jult of the obſervations does not differ materially 
from the reſult of thoſe in 1761. Another tranſi 
will not happen till the year 1874. 

196. The Earth's Axis produced to the Stat, 


being carried parallel“ to itſelf during the Earth 


annual revolution, deſcribes a circle in the Sphere 


of the fixed Stars equal to the Orbit of the Earl. 


* By this is meant, that if a line be ſuppoſed to be draw 
parallel to the Earth's Axis in any part of its Orbit, the Ant 
keeps parallel to that line in every other part of its Orbit: 5 
in Fig. I. of Plate V. where abcdefph repreſents the Earth's 
Orbit in an oblique view, and Ns the Earth's Axis Keep!"s 
always parallel to the line M. zu 
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The amazing Velocity of Light. 


But this Orbit, though very large, would ſeem no 
bigger than a point if it were viewed from the 
Stars; and conſequently the circle deſcribed in 
the Sphere of the Stars by the Axis of the Earth, 
produced, if viewed from the Earth, muſt appear 
but as a point ; that 1s, its diameter appears too 
little to be meaſured by obſervation : for Dr. 
BxabLEv has aſſured us, that if it had amounted 
to a ſingle ſecond, or two at moſt, he ſhould have 
perceived it in the great number of obſervations he 
has made, eſpecially upon y Draconis; and that it 
ſeemed to him very probable that the annual Pa- 
rallax of this Star is not ſo great as a ſingle ſecond; 
and, conſequently, that it is above 400 thouſand 
times farther from us than the Sun. Hence the 
celeftial poles ſeem to continue in the ſame points 
of the Heavens throughout the year; which by 
no means diſproves the Earth's annual motion, but 
plainly proves the diſtance of the Stars to be ex- 
ceeding great. | 

197. The ſmall apparent motion of the Stars, 
\ 113, diſcovered by that great Aſtronomer, he 
found to be no ways owing to their annual Parallax 
(for it came out contrary thereto), but to the Aber- 
ration of their light, which can reſult from no 
known cauſe beſides that of the Earth's annual 
motion; and as it agrees ſo exactly therewith, it 
proves, beyond diſpute, that the Earth has ſuch a 
motion: for this Aberration completes all its va- 
rious Phenomena every year; and proves that the 
velocity of ſtar- light is ſuch as carries it through a 
ſpace equal to the Sun's diſtance from us in $ mi- 
nutes 13 ſeconds of time. Hence the velocity of 
Light is“ 10 thouſand 210 times as great as the 
Earth's velocity in its Orbit; which velocity (from 
what we know already of the Earth's diſtance from 
the Sun) may be aſſerted to be at leaſt between 57 
and 58 thouſand miles every hour: and ſuppoſing 
it to be 58000, this number multiplied by 
10210, gives 592 million 180 thouſand miles for 
* SMITH's Optics, F 1197. 
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Why the 
celeſtial 
Poles ſeem 
to keep ſtill 
in the ſame 
points of the 
Heavens, 
notwith- 
ſtanding the 
Earth's mo- 
tion round 


the Sun. 


The amaz- 
ing velocity 


of licht. 


PLATE 
IV. 


Circles of 
the Sphere, 


Fig. II. 


Fquator, 
Tropics, 
Polar Cir- 
cles, and 
Poles, 


Fig, II, 


Farth's 
Axis, 


the hourly motion of Light: which laſt numbes 


fouthward, according to the ſide of the Equatd 


Of the different Seaſons. 


divided by 3600, the number of ſeconds in an 
hour, ſhews that Light flies at the rate of more 
than 164 thouſands miles every ſecond of time, 
or {wing of a common clock pendulum, 


— os 


— 


CHAP. X. 


The Circles of the Globe deſcribed. The different 
lengths of days and nights, and the viciſſitudes of ſea- 
ons explained. The explanation of the Phenomeng 
of Saturn's Ring concluded, (See Y 81 and 82,) 


ff © RA = 


198. I. the reader be hitherto unacquainted with 

the principal circles of the Globe, he ſhould 
now learn to know them; which he may do ſuffi 
ciently for this preſent purpoſe in a quarter of an 
hour, if he ſets the ball of a terreſtrial Globe be- 
fore him, or looks at the Figure of it, wherein 
theſe circles are drawn and named. The Equateris | 
that great circle which divides the northern half of 
the Earth from the ſouthern. The Tropics are leſſer 
circles parallel to the Equator, and each of them 
1523+ degrees from it; a degree in this ſenſe being 
the 36oth part of any great circle which divide 
the Earth into two equal parts. The Tropic 
Cancer lies on the north ſide of the Equator, and 
the Tropic of Capricorn on the ſouth. The Ari 
Circle has the North Pole for its center, and is uſ 
as far from the North Pole as the Tropics are from 
the Equator: and the Antarctic Circle (hid by the 
ſuppoſed convexity of the figure) is juſt as far from 
the South Pole every way round it. Theſe Pole 
are the very north and ſouth points of the Globe: 
and all other places are denominated northward u 


they lie on, and the Pole to which they are nearel. 
The Earth's Axis is a ſtraight line paſſing throvgl 
the center of the Earth, perpendicular to tif 
Equator, and terminating in the Poles at its ſu- 


face, This, in the real Earth and Planets, is 0nlf 
| al 
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an imaginary line; but in artificial Globes or Pla- PEATE 
nets it is a wire by which they are ſupported, and 
turned round in Orreries, or ſuch like machines, Meridian. 
by wheel-work. The circles 12. 1. 2. 3. 4. &c. 
are Meridians to all places they paſs through; and 

we muſt ſuppoſe thouſands more to be drawn, be- 

cauſe every place, that is ever ſo little to the eaſt or 

weſt of any other place, has a different Meridian 

from that other place. All the Meridians meet in 

the poles ; and whenever the Sun's center 1s paſſing, 

over any Meridian in his apparent motion round 

the Earth, it is mid-day or noon to all places on 

that Meridian. 

199. The broad Space lying between the Tro- 

pics, like a girdle ſurrounding the Globe, is called 

the torrid Zone, of which the Equator is in the mid- Zones. 

| dle all around. The Space between the Tropic of 

Cancer and Arctic Circle is called the North tem- 

terate Zone. That between the Tropic of Capri- 

corn and the Antarctic Circle, the South temperate 

Zone. And the two circular Spaces bounded by the 

Polar Circles are the two frigid Zones; denomi- 

nated north or ſouth, from that Pole which is in 

the center of the one or the other of them, 
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200. Having acquired this eaſy branch of know- 

ledge, the learner may proceed to make the fol- 

lowing experiment with his terreſtrial ball; which 

will give him a plain idea of the diurnal and an- 

| val motions of the Earth, together with the dif- 

ferent lengths of days and nights, and all the beau- 

tiful variety of ſeaſons, depending on thoſe mo- 

tons, 

Take about ſeven feet of ſtrong wire, and bend 

It into a circular form, as abcd, which being viewed Fie. in. 
obliquely, appears elliptical as in the Figure. 3 
Place a lighted candle on a table, and having fixed fh-wing the 
one end of a ſilk thread X, to the north pole of a 8 
lmall terreſtrial Globe H, about three inches dia- —_— 
meter, cauſe another perſon to hold the wire — — 


circle, ſo that it may be parallel to the table, and f fees, 
10 as 


1 * 9 ** — — = = — — AA. 


| — as 


. Of the different Seaſons, 


as high as the flame of the candle J, which ſhoul! 
be in or near the center. Then, having twiſt 
the thread as toward the left hand, that by un- 
twiſting it may turn the Globe round eaſtward, 
contrary to the way that the hands of a watch 
move, hang the Globe by the thread within this 
circle, almoſt contiguous to it; and as the thread 
untwiſts, the Globe (which is enlightened hal 
round by the candle as the Earth 1s by the Sun) 
will turn round its Axis, and the different place 
upon it will be carried through the light and dat 
Hemiſpheres, and have the appearance of a regylz 
ſucceſſion of days and nights, as our Earth has in 
reality by ſuch a motion. As the Globe turns 
move your hand ſlowly, fo as to carry the Globe 
round the candle according to the order of the 
letters abcd, keeping its center even with the vin 
circle; and you will perceive, that the candle, 
being ſtill perpendicular to the Equator, will en- 
lighten the Globe from pole to pole in its whole 
motion round the circle; and that every place on 
the Globe goes equally through the light and the 
dark, as it turns round by the untwiſting of the 
thread, and therefore has a perpetual Equinox, 
The Globe thus turning round repreſents the 
Earth turning round its Axis; and the motion df 
the Globe round the candle repreſents the Earth) 
annual motion round the Sun, and ſhews, that i 
the Earth's Orbit had no inclination to its Axis, al 
the days and nights of the year would be equal) 
long, and there would be no different ſeaſons 
But now, deſire the perſon who holds the wireto 
hold it obliquely in the poſition ABCD, railing 
the ſide = juſt as much as he depreſſes the lice 
, that the flame may be ſtill in the plane of the 
circle; and twiſting the thread as before, that the 
Globe may turn round its Axis the ſame way & 
you carry it round the candle, that is, from vel 
to eaſt, let the Globe down into the lowermol 
part of the wire circle at &, and if the circle be 


properly inclined, the candle will ſhine perpendl- 
cular! 
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cularly on the Tropic of Cancer, and the frigid 
Zane, lying within the arctic or north polar Circle, 
will be all in the light, as in the Figure; and will 
keep in the light let the Globe turn round its Axis 
ever ſo often. From the Equator to the north 
olar Circle all the places have longer days. and 
ſhorter nights; but from the Equator to the ſouth 
polar circle juſt the reverſe. The Sun does nor 
ſet to any part of the north frigid Zone, as ſhewn 
by the candle's ſhining on it, ſo that the motion of 
the Globe can carry no place of that Zone into the 
dark: and at the ſame time the /ourh frigid Zone is 
involved in darkneſs, and the turning of the Globe 
brings none of its places into the light. Tf the 


Orbit, the Sun would never ſet to the inhabitants 
of the north frigid Zone, nor riſe to thoſe of the 
ſouth. Ar the Equator it would be always equal 
day and night; and as places are gradually more 
and more diſtant from the Equator, toward the 
arctic Circle, they would have longer days and 
ſhorter nights; while thoſe on the ſouth ſide of 
the Equator would have their nights longer than 
their days. In this cafe there would be continual 
ſummer on the north fide of the Equator, and con- 
tinual winter on the ſouth ſide of it. 
But as the Globe turns round its Axis, move 
your hand ſlowly forward, fo as to carry the Globe 
from ¶ toward E, and the boundary of light and 
Carkneſs will approach toward the north Pole, 
and recede from the fouth Pole; the northern 
Flaces will go through leſs and leſs of the light, 
and the ſouthern places through more and more 
of it; ſhewing how the northern days decreaſe in 
length, and the ſouthern days increaſe, while the 
lobe proceeds from H to E. When the Globe 
SatZ, it is at a mean ſtate between the loweſt 
and higheſt parts of its Orbit; the candle is di- 
ectly over the Equator, the boundary of light 
ind darkneſs juſt reaches to both the Poles, and 
1 all 
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Earth were to continue in the like part of its 
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Summer 
Solſtice. 


Autumral 
Equi nox. 
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Verna! 


E guinox. 


the Equator to the antarctic circle; within whid 


the Globe comes to G, the candle will be agi 
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all places on the Globe go e — 
light and dark DN ing mu 
days and nights are then equal at all places of th, 
Earth, the Poles only excepted; for the Sun i 
then ſetting to the north Pole, and riſing to the 
ſouth Pole. | 
Continue moving the Globe forward, and as i 
goes through the quarter A, the north Pole recede 
{till farther into the dark Hemiſphere, and the 
ſouth Pole advances more into the light, as th 
Globe comes nearer to s: and when it come 
there at F, the candle is directly over the Tropi 
of Capricorn, the days are at the ſhorteſt, au 
nights at the longeſt, in the northern Hemiſpherg 
all the way from the Equator to the arctic Circle; 
and the reverſe in the ſouthern Hemiſphere fron 


Circles it is dark to the north frigid Zone, ut 
light to the ſouth. | | 
Continue both motions, and as the Globe more 
through the quarter B, the north Pole advances 
roward the light, and the ſouth Pole towat 
the dark; the days lengthen in the northern He 
miſphere, and ſhorten 1n the ſouthern; and whe 


over the Equator (as when the Globe was 4 
E), and the days and nights will again be equi 
as formerly; and the north Pole will be ji 


coming into the light, the ſouth Pole going out [ 
it. part 
| Vs 
Thus we ſee the reaſon why the days lengtia Wn. 
and ſhorten from the Equator to the polar Cir WD: 
every year; why there is ſometimes no day or nigt 
for many turnings of the Earth, within the p + 
Circles; why there is but one day and one n 
in the whole year at the Poles; and why the di — 
and nights are equally long all the year rounds wa 


the Equator, which is always equally cut by * 


circle bounding light and darkneſs, 
201, 18 
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merely relative, becauſe we compare it with ſome 
other Axis or Orbit which we conſider as not in- 
dined at all. Thus, our Horizon being level to 
vs, whatever place of the Earth we are upon, we 
conſider it as having no inclination; and yer, if 


have a Horizon perpendicular to the former; but 
it will ſtill be level to us. And if this book be 
held ſo that the“ Circle ABCD be parallel to the 
Horizon, both the Circle abcd, and the Thread 
or Axis K, will be inclined to it. But if the Book 
or Plate be held ſo that the Thread be perpendicu- 
lar to the Horizon, then the Orbit ABCD will be 
inclined to the Thread, and the Orbit abcd per- 

ndicular to it, and parallel to the Horizon. We 
generally conſider the Earth's annual Orbit as hav- 
ing no inclination, and the Orbits of all the other 
Planets as inclined to it, & 20. 


3 g—_— —— — — 


292, Let us now take a view of the Earth in 
its annual courſe round the Sun, conſidering its 
Orbit as having no inclination, and its Axis as 
nclining 234 degrees from a line perpendicular to 
the plane of its Orbit, and keeping the ſame ob- 


i iq uc direction in all parts of its annual courſe; or, 
ul BW: commonly termed, keeping always parallel to 
1 Ta 196. 

0 


parts of its Orbit, equidiſtant from one another; 
Vs its Axis, N its north Pole, s its ſouth Pole, 
Dad 5 che Sun nearly in the center of the Earth's 
Orbit, F18, As the earth goes round the Sun 


ol 

ol all Circles appear elliptical in an oblique view, as is evi- 

jolt ent by looking obliquely at the rim of a baſon. For the true 

day dore of a Circle can only be ſeen when the eye is directly over 

ds center, The more ob iquely it is viewed, the more elliptical 
it ippears, until the eye be in the ſame plane with it, and 

| "nt appears like a traight line. 


12 according 
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201. The inclination of an Axis or Orbit is Rena. 


we travel go degrees from that place, we ſhall then rig. in 


Let a, b, c, d, e, f. g, h be the Earth ia eight different PLATE V. 
ig · I. 
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PLATE v. according to the order of the letters abcd, &evind 
Axis Ns keeps the ſame obliquity, and is ll 
Aconciſe Parallel to the line MVS. When the Earth 
ſeaſons, a, its north pole inclines toward the Sun & and 
brings all the northern places more into the light 

than at any other time of the year. But when 

Earth is at e in the oppoſite time of the year, the 

north Pole declines from the Sun, which occaſions 

the northern places to be more in the dark tha 

the light; and the reverſe at the ſouthern place 

as is evident by the Figure, which I have takai 

from Dr, Lone's Aſtronomy. When the EA 

is either at cor g, its Axis inclines not either 

or from the Sun, but lies ſidewiſe to him; ail 

then the Poles are in the boundary of light an 
darkneſs; and the Sun, being directly over 
Equator, makes equal day and night at all placai 

When the Earth is at 5, it is half-way betwewl 

the Summer Solſtice and Harveſt Equinox; 

it is at d, it is half-way from the Harveſt Equi 

to the Winter Solſtice; at f, half-way from 

Winter Solſtice to the Spring Equinox: and ati 
half-way from the Spring Equinox to the Summit 

Solſtice. | ; _"m_ 

Fig. II. 203. From this oblique view of the Earl 
Orbit, let us ſuppoſe ourſelves to be raiſed far abi 

it, and placed juſt over its center &, looking dou 

upon it from its north Pole; and as the Earth 

Orbit differs but very little from a Circle, we'll 

have its figure in ſuch a view repreſented by 

Circle ABCDEFGH. Let us ſuppoſe this Cirdl 

to be divided into 12 equal parts, called vl 

having their names affixed to them; and a 

Sign into zo equal parts, called Degrees, numben 

The ſexfens 10, 20, 30, as in the outermolt Circle of 
another Figure, which repreſents the great Ecliptic 1 
viewefthe Heavens, The Earth is ſhewn in eight dilen 
its Orbit, poſitions in this Circle, and in each poſition 
the Equator, T the Tropic of Cancer, the 
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Circle the parallel of London, U the-arctie or north 

lar Circle, and P the north Pole, where all the 
Meridians or Hour Circles meet, $ 198. As the 
Earth goes round the Sun, the north Pole keeps 
conſtantly toward one part of the Heavens, as it 
does in the figure toward the right-hand fide of 
the Plate. 

When the Earth is at the beginning of Libra, 
namely, on the 20th of March, in this Figure (as 
at g in Fig. I.) the Suns, as ſeen from the Earth, 
appears at the beginning of Aries, in the oppoſite 
part of the Heavens *, the north Pole is juſt 
coming into the light, and the Sun is vertical to Vernal 
the Equator; which, together with the Tropic of En 
Cancer, parallel of Zondon, and arctic Circle, are 
all equally cut by the Circle bounding light and 
darkneſs, coinciding with the fix-o'clock Hour- 
Circle, and therefore the days and nights are 
equally long at all places: for every part of the 
Meridians AT La comes into the light at ſix in the 
morning, and revolving with the Earth according 
to the order of the hour-letters, goes into the dark 
at ſix in the evening. There are 24 Meridians or 
Hour-Circles drawn on the Earth in this Figure, to 
ſhew the Time of Sun riſing and ſetting at different 
Seaſons of the year. | 

As the Earth moves in the Ecliptic according to 
the order of the letters ABCD, &c. through 
the Signs Libra, Scorpio, and Sagittarius, the 
north Pole P comes more and more into the light; 
the days increaſe as the nights decreaſe in length, 
at all places north of the Equator ; which is 
plain by viewing the Earth at & on the 5th of May, 
when it is in the 15th degree of Scorpio , and 


Here we muſt ſuppoſe the Sun to be no bigger than an 
ordinary point (as.) becauſe he only covers a Circle half a 
degree in diameter in the Heavens; whereas in the figure he 
hides a whole ſign at once from the Earth. | 

+ Here we muſt ſuppoſe the Earth to be a much ſmaller 
Polat than that in the preceding note marked for the Sun. 


13 | the 
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BY 


PLATE'v, the Sun, as ſeen fromtheEarth, appears in the15th 


Fig. Il. 


Summer 
Solſtice. 


Avtumnal 
Equinox. 


degree of Taurus. For then, the Tropic of Cancer 


Ts in the light from a little after five in the morn. 


ing till almoſt ſeven in the evening; the parallel 
of London from half a hour paſt * till half a 
hour paſt ſeven; the polar Circle U from three till 
nine; and a large track round the north Pole. P 
has day all the 24 hours, for many rotations of the 
Earth on its Axis. 

When the Earth comes to c, at the beginning 
of Capricorn, and the Sun, as ſeen from the Earth, 
appears at the beginning of Cancer, on the 2iſt 
of June, as in this Figure, it is in the poſition 4 
in Fig. I.; and its north Pole inclines toward the 


Sun, ſo asto bring all the north frigid Zone into 


the light, and the northern parallels of Latitude 
more into the light than the dark from the Equa- 
tor to the polar Circle; and the more ſo as they 
are farther from the Equator. The Tropic of 
Cancer is in the light from five in the morning 
till ſeven at night; the parallel of London from a 

uarter before four till a quarter after eight; and 
the polar Circle juſt touches the dark, ſo that the 
Sun has only the lower half of his Diſc hid from 
the inhabicants on that Circle for a few minutes 
about midnight, ſuppoſing no inequalities in the 
Horizon, and no refractions. 

A bare view of the Figure is enough to ſhew, 
that as the Earth advances from Capricorn toward 
Aries, and the Sun appears to move from Cancer 
toward Libra, the north Pole advances toward the 
dark, which cauſes the days to decreaſe, and the 
nights to increaſe in length, till the Earth comes 
to the beginning of Aries, and then they are equal 


as before; for the boundary of light and darkacls 


cuts the Equator and all its parallels equally, or 
in halves. The north Pole then goes into the 
dark, and continues in it until the Earth goes 
half way round its Orbit; or, from the 23d of 
September till the 20th of March. In the middle 
N 10 between 
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between theſe times, viz. on the 22d of December, 
the north Pole is as far as it can be in the dark, 
which is 23+ degrees, equal to the inclination of 
the Earth's Axis from a perpendicular to its 
Orbit: and then the northern parallels are as 
much in the dark as they were in the light on the 
21ſt of June; the winter nights being as long as 
the ſummer days, and the winter days as ſhort as 
the ſummer nights. It is needleſs to — far- 
ther on this ſubject, as we ſhall have occaſion to 
mention the ſeaſons again in deſcribing the Orrery, 
$ 397. Only this muſt be noted, that whatever has 
been ſaid of the northern Hemiſphere, the con- 


trary muſt be underſtood of the ſouthern; for on 


different ſides of the Equator the ſeaſons are con- 
trary, becauſe, when the northern Hemiſphere 
inclines toward the Sun, the ſouthern declines 
from him, 


204, As Saturn goes round the Sun, his ob- 
liquely poſited ring, like our Earth's Axis, keeps 
parallel to itſelf, and is therefore turned edgewiſe 
to the Sun twice in a Saturnian year, which is al- 
molt as long as 30 of our years, 5 81. But the 
ring, though conſiderably broad, is too thin to be 
ſeen by us when it is turned edgewiſe to the 
Sun, at which time it is alſo edgewiſe to the 
Earth; and therefore it diſappears once in every 
fifteen years to us. As the Sun ſhines half a year 
together on the north Pole of our Earth, then diſ- 
appears to it, and ſhines as long on the ſouth 


The Pheno- 


mena of 
Saturn's 


Ring. 


Pole; fo, during one half of Saturn's year, the 


Sun ſhines on the north ſide of his ring, then diſ- 
appears to it, and ſhines as long on its ſouth 
ſide, When the Earth's Axis inclines neither to 
nor from the Sun, but ſidewiſe to him, he in- 
ſtantly ceaſes to ſhine on one Pole, and begins to 
enlignten the other; and when Saturn's ring in- 
clines neither to nor _ the Sun, but ſidewiſe 
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Wm, 
and IKLMNO the Earth's Orbit. Both Sat * 


to grow narrower and narrower as Saturn gal 


the Earth in any part of its Orbit, except a 


Fig. I. and 


tide of his ring, and the upper ſide is dark. 9 1 


A 
4 
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„ 


to him, he ceaſes to ſhine on the one ſide of i a 
begins to ſhine upon the other. 
Let & be the Sun, ABCDEFGH Satvrn's Orbit 


and the Earth move according ro the order of 4 
letters, and when Saturn is at A his ring is turn 
edgewiſe to the Sun &, and he is then ſeen frgal 

the Earth as if he had loſt his ring, let the . 
be in any part of its Orbit whatever, except 

tween NM and O; for while it deſcribes that pug 
Saturn is apparently ſo near the Sun as to bel 
in his beams. As Saturn goes from A to C 
ring appears more and more open to the ll 
at C the ring appears moſt open of all; and lemi 


from C to E; and when he comes to E, the rig 
is again turned edgewiſe both, to the Sun 
Earth; and as neither of its ſides are illuminate 
it is inviſible to us, becauſe its edge 1s too 
to be perceptible; and Saturn appears again 280% 
he had loſt his ring. But as he goes from E | 
G, his ring opens more and more to our view 
the under fide; and ſeems juſt as open at G mn 
was at C; and may be ſeen in the night-time fi 


M, when the Sun hides the Planet from our view 
As Saturn goes from G to A, his ring turns mol 
and more edgewiſe to us, and therefore it ſœ 
to grow narrower and narrower; and at A it d 
appears as before. Hence, while Saturn goes f 

A to E, the Sun ſhines on the upper fide of bug 
ring, and the under fide is dark; and while 
gocs from E to A, the Sun ſhines on the 1 unde 


It may perhaps be imagined that this Artig, 
might have been placed more properly after Län 
than here; but when the candid reader conlide 
that all the various Phenomena of. Saturn's, Ring 
depend upon a cauſe ſimilar to chat of our Earth 
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Of the different Seaſons. 


plained together; and that the two Figures ſerve 
to illuſtrate each other. 
205. The Earth's Orbit being elliptical, and the 
Sun keeping conſtantly in its lower Focus, which 
is 1,377,000 miles from the middle point of the 
longer Axis, the Earth comes twice ſo much, or 
2,754,000 miles nearer the Sun at one time of the 
year than at another: for the Sun appearing under 
alarger Angle in our winter than ſummer, proves 
that the Earth is nearer the Sun in winter (/ze the Note 
on Article 18 5). But here this natural queſtion will 
iſe, why have we not the hotteſt weather when 
the Earth is neareſt the Sun? In anſwer it muſt be 
obſerved, that the excentricity of the Earth's Or- 
bit, or 1,377,000 miles, bears no greater pro- 
portion to the Earth's mean diſtance from the Sun, 
han 17 does to 1000; and therefore this ſmall dif- 
ference of diſtance cannot occaſion any great dif- 
ference of heat or cold. But the principal cauſe of 
his difference is, that in winter the Sun's rays fall 
ſo obliquely upon us, that any given number of 
them is ſpread over a much greater portion of the 
iarth's ſurface where we live, and therefore each 
point muſt then have fewer rays than in ſummer. 
oreover, there comes a greater degree of cold in 
ne long winter nights, than there can return of 
heat in ſo ſhort days; and on both theſe accounts 
the cold muſt increaſe. 
rays fall more perpendicularly upon us, and there- 
fore come with greater force, and in greater num- 
ers on the ſame place; and by their long conti- 
Nuance, a much greater degree of heat 1s imparted 
yy day than can fy off by night. 4 
206. That a greater number of rays fall on the 
ame place, when they come perpendicularly, than 
when they come obliquely on it, will appear by 
the Figure, For, let AB be a certain number of 
the Sun's rays. falling. on CD (which let us ſup- 
Pole to be London) on the 21k of June: but, on 
the 
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The Method of finding the Longitude. | 


the 22d of December, the line CD, or London, haz 
the oblique poſition Cd to the ſame rays; and 
therefore ſcarce a 3 of them falls upon it, 
or only thoſe between A and e; all the reſt eB be. 
ing expended ng ſpace 4P, which is more than 
double the length of CD or Cd. Beſides, thoſe 
parts which are once heated, retain the heat for 
ſome time; which, with the additional heat daily 
imparted, makes it continue to increaſe, though 
the Sun declines toward the South: and this is t 
reaſon why July is hotter than June, although the 
1 Sun has withdrawn from the Summer Tropic; a 
1 we find it is generally hotter at three in the after. 
noon, when the Sun has gone toward the weſt, 
than at noon when he is on the Meridian, Like. 
wiſe, thoſe places which are-well cooled require 
time to be heated again; for the Sun's rays do 
not heat even the — of any body till they 
have been ſome time upon it. And therefore vt 
find January for the moſt part colder than Decen- 
ber, although the Sun has withdrawn from the 
winter Tropic, and begins to dart his beams more 
perpendicularly upon us, when we have the poli 
tion CF. An iron bar is not heated immediately 
upon being put into the fire, nor grows cold til 
ſome time after it has been taken out. 
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The Method of finding the Longitude by the Eeligſe 
ef Jupiter's Satellites: The amazing Velacity if 
Light demonſtrated by theſe Eclipſes. 


Fir Mei- 207. 1 arbitrarily chooſe to call the 
"ores Meridian of ſome remarkable place il 
be, firſt Meridian. There they begin their reckoning; 
382 and juſt ſo many degrees and minutes as any other 
place is to the eaſtward or weſtward of that Mer! 

dian, ſo much eaſt or weſt Longitude they fay l 

has. A degree is the 360th part of a Circle, bell 

| | great 


r, ws Ad 


The Method of finding the Longituds. 


great or ſmall; and a minute the Goth part of a 
degree, The Engliſs Geographers reckon the 
Longitude from the Meridian of the Royal Obſer- 
vatory at Greenwich, and the French from the Me- 
ridian of Paris. a 

208. If we imagine twelve great Circles, one 
of which is the Meridian of any given place, to 
interſe&t each other in the two Poles of the Earth, 
and to cut the Equator Æ at every 15th degree, 
they will be divided by the poles into 24 Semi-cir- 
cles, which divide the Equator into 24 equal parts; 
and as the Earth turns on its Axis, the planes of 
theſe Semi-circles come ſucceſſively one after ano- 
ther every hour to the Sun. As in a hour of 
tine there is a revolution of fifreen degrees of the 
Equator, in a minute of time there will be a revo- 
luion of 15 minutes of the Equator, and in a ſe- 
cond of time a revolution of 15 ſeconds, There 
are two tables annexed to this Chapter, for re- 
ducing mean ſolar time into degrees and minutes 
of the terreſtrial Equator ; and alſo for converting 
degrees and parts of the Equator into mean ſolar 
time. 

209. Becauſe the Sun enlightens only one half 
of the Earth at once, as it turns round its Axis, 
he riſes to ſome places at the ſame moment of ab- 
ſolute Time that he ſets at to others; and when it is 
mid-day to ſome places, it is mid-night to others. 
The XIll on the middle of the Earth's enlightened 
ide, next the Sun, ſtands for mid-day; and the 
Oppoſite XII, on the middle of the dark fide, for 
mid-night, If we ſuppoſe this Circle of hours to 


Earth to turn round within it, any particular Me- 
ridian will come to the different hours ſo, as to 
ew the true time of the dav or night at all 
places on that Meridian. Therefore, 

210, To every place 15 degrees caſtward from 
any given Meridian, it is noon a hour ſooner than 
on that Meridian; becauſe their Meridian comes 
to 


be fixed in the plane ot the Equinoctial, and the 5 
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The Method of finding the Longitude. 


to the Sun a hour ſooner: and to all places 1. 
degrees weſtward, it is noon a hour later, & 20, 
becauſe their Meridian comes a hour later to the 
Sun; and ſo on: every 15 degrees of motion cal. 
ing a hour's difference of time. Therefore the 
who have noon a hour later than we, have their 
Mertdian, that is, their Longitude, 35 degree 
weſtward from us; and they who have noon | 
hour ſooner than we, have their Meridian 15 de. 
grees eaſtward from ours: and ſo for every hour; 
difference of time 15 degrees difference of Long. 
tude. Conſequently, if the beginning or ending 
of a Lunar Eclipſe be obſerved, ſuppoſe at Londn 
to be exactly at mid-night, and in ſome other place 
at 11 at night, that place is 15 degrees weſtward 
from the Meridian of London: if the ſame Eclipk 
be obſerved at one in the morning at another place, 
that place is 15 degrees eaſtward from the fail 
Meridian. "© | 
211. But as it is not eaſy to determine the exad 
moment either of the beginning or ending of 1 
LunarEclipſe, becauſe the Earth's ſhadow throvg| 
which the Moon paſſes is faint and ill-defined 
about the edges, we have recourſe to the Eclipſe 
of Jupiter's Satellites, which diſappear much more 
quickly as they enter into Jupiter's ſhadow, and 
emerge more ſuddenly out of it. The firſt or near- 
eſt Satellite to Jupiter is the moſt advantageovs fot 
this purpoſe, becauſe its motion is quicker that 
the motion of any of the reſt, and therefore its im 
merſions and emerſions are more frequent and mot 
ſudden than thoſe of others are. | 
212. The Engliſh Aſtronomers have calculate 
Tables for ſhewing the times of the Eclipſes d 
Jupiter's Satellites to great preciſion, for the Me- 
ridian at Greenwich. Now, let an obſerver, wh 
has theſe Tables, with a good Teleſcope and a well 
regulated Clock, at any other place of the Eartl 


oblerve the beginning or ending of an Eclipſe d 
one 
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The Method of finding the Longitude, 


one of Jupiter's Satellites, and not the 
ment of time that he ſaw the Satellite either im- 
merge into, or emerge out of the ſhadow, and 
compare that time with the time ſhewn by the 
Tables for Greenwich; then 15 degrees difference 
of Longitude being allowed for-every hour's dif- 
ference of time, will give the Longitude of that 
place from Greenwich, as above, F 210; and if 
there be any odd minutes of time, for every mi- 
nute a quarter of a degree, eaſt or weſt, muſt be 
allowed, as the time of obſervation is later or ear- 
lier than the time ſhewn by the Tables, Such 
Eclipſes are very canvenient for this purpoſe at 
land, becauſe they happen almoſt every day ; but 
are of no uſe at ſea, becauſe the rolling of the ſhip 
hinders all nice teleſcopical obſervations. 

213. To explain this by a Figure, let 7 be 
Jupiter, K, IL, M, N, his four Satellites in their 
relpective Orbits 1, 2, 3, 43 and let the Earth be 
at f, ſuppoſe in November, although that Month 
is no otherwiſe material than to find the Earth 
readily in this ſcheme, where it is ſhewn in eight 
different parts of its Orbit. Let © be a place on 
the Meridian of Greenwich, and R a' place on 
{ome other Meridian eaſtward from Greenwich. 
Let a perſon at R obſerve the inſtantaneous vaniſſi- 


ſuppoſe at three in the morning; but by the 
Tables he finds the immerſion of that Satellite to 
be at mid-night at Greenwich: he can then imme- 
diately determine, that, as there are three hours 
difference of time between Q and R, and that R 
is three hours forwarder in reckoning than Q, it 
muſt be 45 degrees of eaſt Longitude from the 
Meridian of ©, Were this method as practicable 
at ſea as at land, any ſailor might almoſt as eafily, 
and with almoſt equal certainty, find the Longi- 
tude as the Latitude, a 

214. While the Earth is going ſrom C to Fin 
us Orbit, only the immerſions of Jupiter's Satel- 
lites 


ing of the firſt Satellite K into Jupiter's ſhadow, 
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The Method of finding the Longitude, 
lites into his ſhadow are generally ſeen; and their 
emerſions out of it while the Earth goes from 
to B. Indeed, both theſe appearances may be 
ſeen of the ſecond, third, and fourth Satellite whey 
eclipled, while the Earth is between D and 3, 
or between G and 4; but never of the firſt 83. 
tellite, on account of the ſmallneſs of its Orbit 


and the bulk of Jupiter; except only when Jy. 


Jupiter's 
co juncti- 
ont with the 
Sun, or op- 
poſitione to 
him, Are 
every year 
in different 
parts of the 
Heavens. 


piter is directly oppoſite to the Sun, that is, when 


the Earth is at g: and even then, ſtrictly ſpeak. 
ing, we cannot ſee either the immerſions or emer. 
ſions of any of his Satellites, becauſe his body 
being directly between us and his conical ſhadoy, 
his Satellites are hid by his body a few moment; 
before they touch his ſhadow; and are quite 
emerged from thence before we can ſee them, asit 
were, juſt dropping from. behind him. And when 
the Earth is at c, the Sun, being between it and 
Jupiter, hides both him and his moons from us, 
n this Diagram, the Orbits of Jupiter's Moons 
are drawn 1n true proportion to his diameter; but 
in proportion to the Earth's Orbir, they are drawn 
81 times too large. | 
215. In whatever month of the year Jupiter i; 
in conjunction with the Sun, or in oppoſition to 
him, in the next year it will be a month later at 
leaſt. For while the Earth goes once round the 
Sun, Jupiter deſcribes a twelfth part of his Orbit. 
And therefore, when the Earth has finiſhed its 
annual period from being in a line with the Sun 
and Jupiter, ic muſt go as much forwarder a 
Jupiter has moved in that time, to overtake him 
again: juſt like the minute-hand of a watch, 
which muſt, from any conjunction with the hour- 
hand, go once round the dial-plate and ſomewhat 
above a twelfch part more, to overtake the how- 


hand again. 


216. It is found by obſervation, that when the 


Earth is between the Sun and Jupiter, þs at g, his 


Satellites 
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The Motion of Light demonſtrated. 


Satellites are eclipſed about 3 minutes ſooner than PLATE. 
they ſhould be according to the Tables; anc = 
when the Earth is at B or C, theſe Eclipſes hap- 
pen about 8 minutes later than the Tables predict 
them. Hence it is undeniably certain, that the 
motion of Light is not inſtantaneous, ſince it 
takes about 16+ minutes of time to go through a 
ſpace equal to the diameter of the Earth's Orbit, 
which is 190 millions of miles in length; and con- 
ſequently the particles of Light fly about 193 
thouſand 939 miles every ſecond of time, which 
is above a million of times ſwifter than the motion | 
of a cannon-ball. And as light is 164 minutes The ren. 
in travelling acroſs the Earth's Orbit, it muſt be — 
$: minutes in coming from the Sun to us; there- 
fore, if the Sun were annihilated, we ſhould ſee 
him for 84 minutes after; and if he were again 
created, he would be 8+ minutes old before we 
could ſee him. a : 
217. To explain the progreſſive motion of Fig. v. 
Light, let A and B be the Earth, in two different 
arts of its Orbit, whoſe diſtance from each other 
is 95 millions of miles, equal to the Earth's diſ- 
tance from the Sun S. It is plain, that if the Illugrated 
motion of Light were inſtantaneous, the Satellite “ figvce- 
1 would appear to enter into Jupiter's ſhadow FF 2 
at the ſame moment of time to a ſpectator in A as 
to another in B. But by many years obſervations 
it has been found, that the immerſion of the 
Satellite into the ſhadow is ſeen 8 © minutes ſooner 
when the Earth is at B, than when it is at A. 
And fo, as Mr. Rozen firſt diſcovered, the mo- 
tion of Light is thereby proved to be progreſſive, 
and not inſtantaneous, as was formerly believed. 
lc is eaſy to compute in what time the Earth 
moves from A to B; for the Chord of 60 degrees 
of any Circle is equal to the Semi- diameter of 
that Circle; and as the Earth goes through all the 
360 degrees of its Orbit in a year, it goes through 
60 of thoſe degrees in about 61 days. Therefore, 


if 


Ty 


9 " 
* - 1 opt 2 3 E 
* i - - I —— _- 3 
— © TT = - - — ho 8 — * hy 
0 ; : - — wont 2 FF r 
. — * * * % 0 e 5 — 2 * 7 — a — U # 8 — 
- — a Y — +5 4 | » ARES» .- + o_ Y n 1 _— . 
, _ 7 © — - mm" p : — > 4 he 4 i > SY ** E —_ " * "YL | 75 b 5 8 
» - SIE; — =, * 4a. 4 * CT * « —— * — 3 1 n by | = e * 28 - os « * — . 7 . 
ws 2 28 1 N 5 es —_—— CT IT. by ade © — 0 — —_ ——_— — * 2 8 tl — 
— —— — * o —__— * * 2 As rn. * * 1 a> wy * — = — 1 - _ 
g . N 1 A \ ae - * of T * * 
£4 a; 2 „ „ 42 — 1 8 g hy N — . 8 * bd i 
pr ö — 22 J . a Does 2 dy — LC 2 * 2 2 A Fw I NET" - 2 — — 5 l E. _ . - 
48 A — 2 be * - a T A n = \ —— — _ — 2 2 = 
C — Ig EY = \ » — — 1 « 2 2 pen 5 5 b * — - * — 
N R - _ — Yo oe RI ICE O * 1 „1 = 
_ 4 TEES o G p 8 w 4 —_ = — — 

3 | — oe. 37 4 . — — 

= N =_ . *, ' 5 = . N nn = we - 
l p > 4 n e 1 . ' — a —_——_— 83 —— nn 
r n ff \ = \ _—— K df l \ . = 


119 


The Mation of Light dimonftrated. 


if on any given day, ſuppoſe the firſt of June, thi 
Earth is at A, on the firſt of Auguſt it will be x 
B.: the chord, or ſtraight line AB, being equal u 
DS, the Radius of the Earth's Orbit, the ſams 
with AS, its diſtance from the Sun, | 

218. As the Earth moves from D to C, through 
the ſide 4B of its Orbit, it is conſtantly meeting 
the light of Jupiter's Satellites ſooner, which oe. 
caſions an apparent acceleration of their Eclipſe; 
and as it moves through the other half H of i 
Orbit from Cto D, it is receding from their light, 
which occaſions an apparent retardation of theit 
Eclipſes, becauſe their light is then longer before 
it overtakes the Earth. 

219. That theſe accelerations of the immerſion; 
of Jupiter's Satellites into his ſhadow, as the Eanh 
approaches toward Jupiter, and the retardation 
of their emerſions out of his ſhadow, as the Earth 
is going from him, are not occaſioned by any ine. 


quality ariſing from the motions of the Satellites 


in excentric Orbits, is plain, becauſe it affect 
them all alike, in whatever parts of their Orbits 
they are eclipſed. Beſides, they go often round 
their Orbits every year, and their motions are n0 
way commenſurate to the Earth's. Therefore, a 
Phenomenon, not to be accounted for from the 
real motions of the Satellites, but ſo eaſily dedu- 
cible from the Earth's motion, and fo anſwerable 
thereto, muſt be allowed to reſult from it. This 
affords one very good proof of the Earth's annual 


motion. 


220. TABLES 


To convert Motion into Time, and the reverſe. 129 


220, TAB LES for converting mean ſolar TIE into -Degrees and 
Parts of the terreſtrial Equator ;. and alſo for converting 
Degrees and Parts of the EqQuaTok into mean ſolar T1MEe. 


TazLEl, Forconverting Time inte TaBLE II. For converting Degrees 
Degrees and Parts of the Equator. and Parts of the Equator into Time. 
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Of Solar and Sydereal Time. 


Theſe are the Tables mentioned in the 2080 
article, and are ſo eaſy that they ſcarce require 
any farther explanation than to inform the reader, 
that if, in Table I. he reckons the columns marked 
with Aſteriſks to be minutes of time, the other 
columns give the equatoreal parts or motion in 
degrees and minutes; if he reckons the Aſteriſk 
columns to be ſeconds, the others give the motion 
in minutes and ſeconds of the Equator; if thirds, 

in ſeconds and thirds: And if in Table II. he 
reckons the Aſteriſk columns to be degrees of 
motion, the others give the time anſwering thereto 
in hours and minutes; if minutes of motion, the 
time is minutes and ſeconds; if ſeconds of motion, 
the correſponding time 1s given in ſeconds and 
thirds. An example in each caſe will make the 
whole very plain. 


EXAMPLE I. | Examrs II. 

In 10 hours 15 mi— In what time will 153 
nutes 24 ſeconds 20 degrees 31 minutes 5 ſe- 
thirds, Qu. How much | conds of the Equator 
of the Equator revolves | revolvethroughthe Me. 
through the Meridian? | ridian? 

Deg. M. 8. H. M. 8. 7 
Hours 10 150 0 © Deg. 150 10 o 00 
Min. 15 345 0 ; 3 K 
Sec. 24 6 o| Min, 51 3 24 0 
Thirds 20 5 | Sec, 5 20 


Bos — 
Anſwer 153 51 5] Anuſer 1015 24% 
CH & FP; Ak 
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221. HE Stars appear to go round the Earth 


K Sydereal | | | 0 1 
| days ſhorter | in 24 hours 56 minutes 4 ſeconds, 21 
| than ſolar . > | . hree 
| days, ans the Sun in 24 hours: ſo that the Stars gain fil 

; _— minutes 56 ſeconds upon the Sun every day, which 


g amounts 
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«mounts to one diurnal tevolntion in a year; and 
therefore, in 365 days, as meaſured by the returns 
of the Sun to the Meridian, there are 366 days, as 
meaſured by the Stars returning to it; the former 
are called Solar Days, and the latter Sydereal: 


Stars; for which reaſon, and the Earth's uniform 
motion on its Axis, any given Meridian will re- 
volve from any Star to the ſame Star again in 
every abſolute turn of the Earth on its Axis, with- 
out the leaſt perceptible difference of time ſhewn 
by a Clock which goes exactly true. | 

If the Earth had only a diurnal motion, with- 
out an annual, any given Meridian would revolve 
from the Sun to the Sun again in the ſame quan- 
tity of time as from any Star to the ſame Star 
again; becauſe the Sun would never change his 
place with reſpe& to the Stars. But, as the Earth 
advances almoſt a degree eaſtward in its Orbit in 
the time that it turns eaſtward round its Axis, 
whatever Star paſſes over the Meridian on any day 
with the Sun, will paſs over the ſame Meridian on 
the next day when the Sun is almoſt a degree ſhort 
of it; that is, 3 minutes $56 ſeconds ſooner, If 
the year contained only 360 days, as the Ecliptic 
does 350 degrees, the Sun's apparent place, fo far 
as his motion is equable, would change a degree 
every day; and then the ſydereal days would be 
juſt 4 minutes ſhorter than the ſolar. 
_Let4BCDEFGHIKLM be the Earth's Orbit, 
in which it goes round the Sun every year accord- 
ing to the order of the letters, that is, from weſt to 


the Sun to the Sun again in every 24 hours, Let & 
ve the Sun, and & a fixed Star at ſuch an immenſe 
Ciſtance, that the diameter of the Earth's Orbit 
bears no ſenſible proportion to that diſtance. Let 


N a given point or place upon that Meridian, 
K 2 When 


call; and turns round its Axis the ſame way from 


n be any particular Meridian of the Earth, and 
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PLATE 
III. ; 


The diameter of the Earth's Orbit is but a phy- 6 
ical point in proportion to the diſtance of the 


Fig. II. 
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removed from A; and conſequently, as the Earth 


but a point in reſpect of RS. When the Earth is 


morning; at T, at 2 in the morning; and at6, 


Meridian 12 hours before the Sun, When tie 
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When the Earth is at 4, the Sun & hides the Sta 
R, which would be always hid if the Earth never 


turns round its Axis, the point N would alway 
come round to the Sun and Star at the ſame time, 
But when the Earth has advanced, ſuppoſe a twelfth 

rt of its Orbit from A to B, its motion round 
its Axis will bring the point IN a twelfth part of 
a natural day, or two hours, ſooner to the Star than 
to the Sun; for the Angle NB» is equal to the 
Angle ISB: and therefore any Star, which come: 
to the Meridian at noon with the Sun when the 
Earth is at A, will come to the Meridian at 10 ih 
the forenoon when the Earth is at B. When the 
Earth comes to C, the point NN will have the Sta 
on its Meridian at 8 in the morning, or four hours 
ſooner than it comes round to the Sun; for it muf 
revolve from IN to u before it has the Sun in its 
Meridian. When the Earth comes to D, the point | 
N will have the Star on its Meridian at 6 in the 
morning, but that point mult revolve fix hours 
more from N to u, before it has mid-day by the 
Sun: for now the Angle ASD 1s a right Angle, 
and ſo is ND#; that is, the Earth has advanced 
90 degrees in its Orbit, and muſt turn 90 degrers 
on its Axis to Carry the point N from the Starto 
the Sun: for the Star always comes to the Meri. 
dian when Nu is parallel to RSA; becauſe DSi 


at Z, the Star comes to the Meridian at 4 in the 


the Earth having gone half round its Orbit, J 
points to the Star & at midnight, it being then 
directly oppoſite to the Sun. And therefore, by 
the Earth's diurnal motion, the Star comes to the 


Karth is at Ii, the Star comes to the Meridian 4 
10 in the evening; at I it comes to the Meridia 
at 8, chat is, 16 hours before the Sun; at A 18 
hours before him; at L 20 hours; at M 22; 
at A equally with the Sun again. N 


'T TABLE, ſhewing how much of the Celeltial Eq ator 
paſſes over the Meridian in any Part of a mean SoLan 
Day; and how much the FixzD STArs gain upon th: 
mean SoLar Tims every Day, for a Month, 
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D. H. M. 8. 
* | 
110 3 56 
20 73 
3 0 11 4* 
415 44 
32 9 
6] 0 23 35 
7] © 27 38 
81 0 31 27 
91 © 35. #3 
10] o 39 19 
11] © 43 15 
1210 47 11 
13 © $1. 9 
0 33 I 
150 58 59 
1661 2 55 
17161 6 50 
18] 1 10 406 
19 1 14 47 
20] 1 18 38 
21] 1 22 34 
22] 1 26 30 
23] 1 30 26 
24] 1 34 22 
25} 1 38 18 
20] 1 42 14 
27 1 46 10 
28] 1 50 5 
201 1 54 1 
3011 57 $7 
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PLATE 222. Thus it is plain, that an abſolute turn gt 

— the Earth on its Axis (which is always completed 

As abſolute when any particular Meridian comes to be paralle 
turn of the to its {3 - 1 f the day bef; 

to its ſituation at any time of the day before) never 


Earth on its 6d 
Axisnever brings the ſame Meridian round from the Sun tg 


— the Sun again; but that the Earth requires a 
much more than one turn on its Axis to finiſh a 
natural day, as it has gone forward in that time; 
which, at a mean ſtate, is a 365th part of a Circle, 
Hence, in 365 days, the Earth turns 366 time 
round its Axis; and therefore, as a, turn of the 
Earth on its Axis completes a ſydereal day, there 
muſt be one ſydereal day more in a year than the 
number of ſolar days, be the number what it will 
on the Earth, or any other Planer, one turn being 
loſt with reſpect to the number of ſolar days in 
year, by the Planet's going round the Sun;,juſt a 
it would be loſt to a traveller, who, in going round 
the Earth, would loſe one day by following the I 
apparent diurnal motion of the Sun; and conſe. 
quently would reckon one day leſs at his return 
(let him take what time he would to go round the 
Earth) than thoſe who remained al} the while at 
the place from which he ſet out. So, if there were 

two Earths revolving equally on their Axis, and 

Fig. 11, if one remained at Avuntilthe other had gone round 

| the Sun from A to A again, that Earth which kept 
its place at A would have its ſolar and ſydereal 
days always of the ſame length; and fo would have 
one ſolar day more than the other at its return, 
Hence, if the Earth turned but once round its 
Axis in a year, and if t turn was made the ſame 
way as the Earth goes round the Sun, there would 
be continual day on one fide of the Earth, and 
continual night on the other, | | 
223. The firſt part of the preceding Table ſhes 
bow much of the celeſtial Equator paſſes over the 
Meridian in any given part of a mean ſolar day, 
and is to be underſtood the ſame. way as the Table 


in the 220th article, The latter part, MP 
2 | cle 
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Accelerations of the fixed Stars, affords us an eaſy 
method of knowing whether or no our clocks and 
watches go true: for if, through a ſmall hole in a 
window-ſhutter, or in a thin plate of metal fixed to 
a window, we obſerve at what time any Star diſap- 
pears behind a chimney, or corner of a houſe, at a 
little diſtance; and if the ſame Star diſappears the 
next night 3 minutes 56 ſeconds ſooner by the 
clock or watch; and on the ſecond night, 7 mi- 
nutes 52 ſeconds ſooner; the third night 11 mi- 
nutes 48 ſeconds ſooner; and ſo on, every night, 


as in the Table, which ſhews this difference for 


50 natural days, it is an infallible ſign that the ma- 
chine goes true; otherwiſe it does not go true, and 
muſt be regulated accordingly; and as the diſap- 
pearing of a Star is inſtantaneous, we may depend 
on this information to half a ſecond. 


CH A. MS 
Of the Equation of Time. 
224. HE Farth's motion on its Axis being 


perfectly uniform, and equal at all times 
of the year, the ſydereal days are always preciſely 


135 
To knowby 
the Stars 
whether a 


Clock goes 
true ot not. 


of an equal length; and ſo would the ſolar or na- 


tural days be, if the Earth's Orbit were a perfect 
Circle, and its Axis perpendicular to its Orbit. 
But the EFarth's diurnal motion on an inclined 
Axis, and its annual motion in an elliptic Orbit, 
cauſe the Sun's apparent motion in the Heavens to 
be unequal: for ſometimes he revolves from the 
Meridian to the Meridian again in ſomewhat leſs 
than 24 hours, ſhewn by a well-regulated clock; 
and at other times in ſomewhat more: ſo that the 
time ſhewn by an equal-going clock and a true 
Sun-dial is never the ſame but on the 14th of 
April, the 15th of June, the 3ilt of Auguſt, and the 
23d of December. The clock, if it goes equably 


The Sun 
and Clocks 
equal only 
on four 
days of the 
year, 


and true all the year round, will be before the Sun 


K 4 from 
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from the 2 3d of December till the 14th of April; 


Uſe of the 
Equation 
Tadle. 


from that time till the 16th of June the Sun will 
be before the clock; from the 15th of June till the 
3iſt of Auguſt the clock will be again before the 
Sun; and from thence to the 23d of December the 
Sun will be faſter than the clock. 

225. The Tables of the Equation of natural 
days, at the end of the following Chapter, ſhew the 
time that ought to be pointed out by a well-regy. 
lated clock or watch, every day of the year, at the 
I moment of ſolar noon; that is, when the 

un's center is on the Meridian, or when a true 
Sun-dial ſhews it to be preciſely Twelve. Thus, 
on the 5th of January in Leap-year, when the Sun 
is on the Meridian, it ought to be 5 minutes 52 
ſeconds paſt twelve by the clock: and on the 15th 
of May, when the Sun is on the Meridian, the time 


by the clock ſhould be but 56 minutes 1 ſecond 


How to 
draw a Me- 
ridian Line. 


paſt eleven: in the former caſe, the clock is 5 mi- 
nutes 52 ſeconds before the Sun; and in the latter 
caſe, the Sun is 3 minutes 59 ſeconds faſter than 
the clock. But without a Meridian Line, or 2 
Tranſit Iaſtrument fixed in the plane of the Meri. 
dian, we cannot ſet a Sun- dial true. 


226. The eaſieſt and moſt expeditious way of 
drawing a Meridian Line is this: Make four or 


five concentric Circles, about a quarter of an inch 


from one another, on a flat board about a foot in 
breadth; and let the outmoſt Circle be but little 
Jeſs than the board will contain. Fix a pin per- 
pendicularly in the center, and of ſuch a length 
that its whole ſhadow may fall within the inner- 
moſt Circle for at leaſt four hours in the middie 
of the day. The pin ought to be about an eighth 
part of an inch thick, and to have a round blunt 
point. The board being ſet exactly level in a place 
where the Sun ſhines, ſuppoſe from eight in the 
morning till four in the afternoon, about which 
hours the end of the ſhadow ſhould fall * 


4 


ann 1 «a 


wy 
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all the Circles; watch the times in the forenoon, 
when the extremity of the ſhortening ſhadow juſt 
touches the ſeveral Circles, and there make marks. 
Then, in the afternoon of the ſame day, watch 
the lengthening ſhadow, and where its end touches 
the ſeveral Circles in going over them, make 
marks alſo. Laſtly, with a pair of compaſſes, find 
exactly the middle point between the two marks on 
any Circle, and draw a ſtraight line from the cen- 
ter to that point; which Line will be covered at 
noon by the ſhadow of a ſmall] upright wire, which 
ould be put in the place of the pin. The reaſon 
for drawing ſeveral Circles is, that in caſe one part 
of the day ſhould prove clear, and rhe other part 
ſomewhat cloudy, if you miſs the time when the 
point of the ſhadow ſhould touch one Circle, you 
may perhaps catch it in touching another. The 
beſt time for drawing a Meridian Line in this 
manner is about the ſummer ſolſtice; becauſe the 
dun changes his declination ſloweſt and his altitude 
faſteſt in the longeſt days. 

If the caſement of a window on which the Sun 
ſhines at noon be quite upright, you may draw a 
line along the edge of its ſhadow on the floor, 
when the ſhadow of the pin is exactly on the 
Meridian Line of the board: and as-the motion 
of the ſhadow of the caſement will be much more 
ſenſible on the floor than that of the ſhadow of 
the pin on the board, you may know to a few 
ſeconds when it touches the Meridian Line on the 
floor; and fo regulate your clock for the day of 
obſervacion by that line and the Equation Tables 
above mentioned, F 225. 


227. As the equation of time, or difference Equation of 
between the time ſhewn by a well- regulated Clock 2inrldeye 
and a true Sun-dial, depends upon two cauſes, * 
namely, the obliquity of the Ecliptic, and the 
unequal motion of the Earth in it, we ſhall firſt 
explain 


x33 


The firſt 
part of the 
Fquation of 
Time. 


dian in equal times, the difference being propor- 


the beginning of Aries or Libra, and continue to 


other, which is ſuppoſed to move in the Equator, 


lf the Earth were cut along the Equator, quite! through 
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explain the effects of theſe cauſes ſeparately, and 
then the united effects reſulting from their combi. 
nation. 

228. Fhe Farth's motion on its Axis being 

rfectly equable, or always at the fame rate, and 
the“ plane of the Equator being perpendicular 
to its Axis, it is evident that in equal time 
equal portions of the Equator paſs over the Meri. 
dian; and ſo would equal portions of the Ecliptic, 
if it were parallel to or coincident with the Equz. 
tor. Bur, as the Ecliptic is oblique to the 
Equator, the equable motion of the Earth Carries 
unequal portions of the Ecliptic over the Meri. 


** n * 1 * r Mt. — 0 —— Pe 


tionate to the obliquity; and as ſome parts of 
the Echptic are much more oblique than others, 
thofe differences are unequal among themſeIvez, 
Therefore if two Suns ſhould ſtart either from 


move through equal arcs in equal times, one in 
the Equator, and the other in the Ecliptic, the 
equatoreal Sun would always return to the Meri 
dian in 24 hours time, as meaſured by a well 
regulated clock; but the Sun in the Ecliptie 
would return to the Meridian ſometimes fooner, 
and ſometimes later than the equatoreal Sun; and 
only at the ſame moments wich him on four days 
of the year; namely, the 20th of March, when 
the Sun enters Aries; the 21ſt of June, when he 
enters Cancer; the 23d of September, when he 
enters Libra; and the 21ſt of December, when he 
enters Capricorn, But, as there is only one Sun, 
and his apparent motion is always in the Eeliptie, 
let us henceforth call him the real Sun, and the 


the center, the flat ſurface of this ſection would be the plane 
of the Equator ; as the paper contained within any Circle 
may be juſtly termed the plane of chat Circle. 


the 
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regulated clock always anſwers. | 


abede, &c. the Equator, AB CDE, &c. the north» 
ern half of the Ecliptic from wv to & on the fide of 
the Globe next the eye, and MNOP, &c. the 
ſouthern half on the oppoſite fide from & to . 
Let the points at 4, B, C, D, E, F, &c. quite 
round from ꝙ to ꝙ again, bound equal portions 


the real Sun; and thoſe at a, &, c, d, e, f, &c. 
equal portions of the Equator deſcribed in equal 
times by the fictitious Sun; and let Z M ꝝ be the 
Meridian. | 

As the real Sun moves obliquely in the Fclipric, 
and the fictitious Sun directly in the Equator, with 
reſpect to the Meridian, a degree, or any num- 
ber of degrees, between wv and Fon the Ecliptic, 
muſt be nearer the Meridian Z wv z, than a de- 
pree, or any correſponding number of degrees on 
the Equator from v to f; and the more ſo, as 
they are the more oblique: and therefore the true 
dun comes ſooner to the meridian every day while 
he is in the quadrant wv V, than the fictitious Sun 
does in the quadrant ; for which reaſon, the 
lolar noon precedes noon by the clock, until the 
real Sun comes to F, and the fictitious to f, which 
wo points, being equidiſtant from the Meridian, 
5 8 will come to it preciſely at noon by the 

ock. 

While the real Sun deſcribes the ſecond qua- 
drant of the Ecliptic FGHIKL from & to &, he 
comes later to the Meridian every day than the 
hctitious Sun moving through the ſecond quadrant 


GH, I, X, and L being farther from the Meri- 
dian than their correſponding points at g, B, i, &, 
and /, they mult be later in coming to it: and as 
both Suns come at the ſame moment to the point 


, they come to the Meridian at the moment of 
noon by the Clock. 


In 


the fictitious: to which laſt, the motion of a well- PLATE 


Let Z M 2 & be the Earth, ZFRz its Axis, Fig. 111, 


of the Ecliptic, gone through in equal times by 


of the Equator from F to &; for the points at 


* 
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In departing from Libra, through the third 
quadrant, the real-Sun going through MN ON 
toward at R, and the fictitious Sun through 
#:40Pq toward er, the former comes to the Meri. 
dian every day ſooner than the latter, until the 
real Sun comes to , and the fictitious to r, and 
then they both come to the Meridian at the ſame 
time. 

Laſtly, as the real Sun moves equably through 
STU, from v toward ; and the fictitious 
Sun through 5$tuvw, from toward , the for. 
mer comes later every day to the Meridian than 
the latter, until they both arrive at the point , 
and then they make it noon at the ſame time wich 
the clock. | 


229, The annexed Table ſhews how much the 
Sun is faſter or ſlower than the clock ought to 
be, ſo far as the difference depends upon the obli. 
quity of the Ecliptic; of which the Signs of the 
firſt and third quadrants are at the head of the 
Table, and their Degrees at the left hand; and 
in theſe the Sun is faſter than the Clock: the 
Signs of the ſecond and fourth quadrants are at 
the foot of the Table, and their degrees at the 
right hand; in all which the Sun is flower than 
the Clock; ſo that entering the Table with the 
given Sign of the Sun's place at the head of the 
Table, and the degree of his place in that Sign 
at the left hand; or with the given Sign at the 
foot of the Table, and Degree at the right hand; 
in the angle of meeting is the number of minutes 
and ſeconds that the Sun is faſter or flower than 
the clock ; or in other words, the quantity of time 
in which the real Sun, when in that part of the 
Ecliptic, comes ſooner or later to the meridian 
than the fictitious Sun in the Equator, Thus, 
when the Sun's place is 8 Taurus 12 degrees, he 


is 9 minutes 47 ſeconds faſter than the __ 
an 
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and when his Place is 23 Cancer 18 degrees, he is 
6 minutes 2 ſeconds ſlower. | 


Sun faſter than the Clock in | 
" 8 x fit Q. 
S [nu & 
3 . 11 . n . o Deg. | 
o [%o oſs 23 30 
140% $08: 2671 $287.20 
2 [© 40 8 43 |8 34 | 25 
$ j 85 0&1 4 WE. 2906 
4-13. g]g FTE ny 
5 (1 399 97 48} 25 
6 1 599 177 34] 24 
 |3 19 i 1.2 
31s 7 ls EE G 0 
9 js 46/9 WTO 207+ Bt 
103 15 9 40 6 35 | 20 
1.13 e 26 3 
123 52 9 476 2| 18 
nn 
14 4 66% „„ 
15 4 469 53 21 
1 15 $19 614+ ©} 34 
7 43 OS SOT IE+- "2 
1 3915 37 [9 $I $4 - 8 
9 f 339 513 32 „ 
20 Þ- o9|9 49| 3 32 | 10 
"22 [6 h 9 
233 [6 4019 48 | $8 8 
33.10 $6198 71* MM] 7 
„ [7 9|% nu © 
. 22 9 261 48 5 
26 7 Glo wk = 4 
27 17 45 [SY WIS £4 $3 
233 j8 0% ai a os 
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This Table is formed by taking the difference 
between the Sun's longitude and its right aſcen- 
lion, and turning it into time. 

230. This 
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230. This part of the Equation of time 
perhaps be ſomewhat difficult to underſtand by a 
Figure, becaufe both halves of the Ecliptic ſeem 
to be on the fame ſide of the Globe: but ic may 
be made very caly to any perſon who has a real 
Globe before him, by putting ſmall patches on 
every tenth or fifteenth degree both of the Equa. 
tor and Ecliptic, beginning at Aries v; and 
then, turning the ball lowly round weſtward, he 
will ſee all the patches from Aries to Cancer come 
to the brazen Meridian ſooner than the corie. 
ſponding patches on the Equator; all thoſe from 
Cancer to Libra will come later to the Meridian 
than their correſponding patches on the Equator; 
thoſe from Libra to Capricorn ſooner, and thoſe 
from Capricorn to Aries later; and the patches at 
the beginnings of Aries, Cancer, Libra, and Ca- 
pricorn, being either on or even with thoſe on the 
Equator, ſhew that the two Suns either meet 
there, or are even with one another, and ſo come 
to the Meridian at the ſame moment. 

231. Let us ſuppoſe that there are two little 
balls moving equably round a celeſtial Globe by 
clock work, one always keeping in the Ecliptie, 
and gilt with gold, to repreſent the real Sun; and 
the other keeping in the Equator, and ſilvered, 
to repreſent the fictitious Sun: and that while 
theſe balls move once round the Globe accord- 
ing to the order of Signs, the Clock turns the 
Globe 366 times round its Axis weſtward The 
Stars will make 366 diurnal revolutions from the 
brazen Meridian to it again; and the two balls re- 
preſenting the real and fictitious Suns always going 
farther eaſtward from any given Star, will come 
later than it to the Meridian every following day: 
and each ball will make 365 revolutions to the 
Meridian; coming equally to it at the beginnings 
of Aries, Cancer, Libra, and Capricorn; but in 
every other point of the Ecliptic, the gilt ball 


will come either ſooner or later to the ee 
| than 
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than the ſilvered ball, like the patches aboye- 
mentioned. This would be a pretty way enough 
of ſhewing the reaſon why any given Star, which 
on a certain day of the year, comes to the Meri- 
dian with the Sun, paſſes over it ſo much ſooner 
every following day, as on that day twelvemonth 
to come to the Meridian with the Sun again; and 
alſo to ſhew the reaſon why the real Sun comes to 
the Meridian ſometimes ſooner, and ſometimes later, 
than the time when 1t is noon by the clock; and, 
on four 8 year, at the ſame time; while 
the fictitious Sun always comes to the Meridian 
when it is twelve at noon by the clock. This 
would be no difficult taſk for an artiſt to perform; 
for the gold ball miglit be carried round the Ecliptic 
by a wire from its north Pole, and the ſilver ball 
round the Equator by a wire from its ſouth, Pole, 
by means of a few wheels to each; which might be 
eaſily added ro my improvement of the celeſtial 
Globe, deſcribed in N' 483 of the Philoſophical 
Tranſactions; and of which 1 ſhall give a deſcrip- 
tion in the latter part of this Book, from the third 

Figure of the third Plate. | 
232, It is plain that if the Ecliptic were more 
obliquely. polited to the Equator, as the dotted 
Circle ꝙ x =, the equal diviſions from Y to mw 
would come ſtill ſooner to the Meridian Z Oo 
than thoſe marked A, B, C, D, and E do: for two 
diviſions containing 30 degrees, from wv to the 
ſecond dot, a little ſhort. of the figure 1, come 
ſoaner to the Meridian than one diviſion contain» 
ing only rg degrees from ꝙ to 4 does, as the 
Ecliptic now ſtands; and thoſe of the ſecond 
quadrant from x to & would be ſo much later. 
he third quadrant would be as the firſt, and the 
fourth as the ſecond. And it is likewiſe plain, 
that where the Ecliptic is moſt oblique, namely, 
about Aries and Libra, the difference would be 
greateſt; and leaſt about Cancer and Capricorn, 
where the obliquity is. leaſt. | 
| 234. Having 
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234. Having explained one cauſe of the dif. 
ference of time ſhewn by a well-regulated Clock 
and a true Sun-dial, and conſidered the Sun, not 
the Earth, as moving in the Ecliptic, we now 
proceed to explain the other cauſe of this differ. 
ence, namely, the inequality of the Sun's apparent 
motion, & 205, which is ſloweſt in ſummer, when 
the Sun is fartheſt from the Earth, and ſwiſteſt in 
winter when he is neareſt to it. But the Earth's 
motion on its Axis is equable all the year round, 
and is performed from weſt to eaſt; which is the 
way that the Sun appears to change his place in the 
Ecliptic. | | 

235. If the Sun's motion were equable in the 
Ecliptic, the whole difference between the equal 
time as ſhewn by the Clock, and the unequal time 
as ſhewn by the Sun, would ariſe from the obli- 
quity of the Ecliptic. But the Sun's motion 
ſometimes exceeds a degree in 24 hours, though 
generally it is leſs; and when his motion is 
floweſt, any particular Meridian will revolve ſooner 
ro him than when his motion is quickeft; fur it 
will overtake him in leſs time when he advances a 
leſs ſpace than when he moves through a larger. 

2;6. Now, if there were two Suns moving in 
the plane of the Ecliptic, ſo as to go round it in 
a year; the one deſcribing an equal arc every 
24 hours, and the other deſcribing ſometimes a 
leſs arc in 24 hours, and at other times a larger; 
gaining at one time of the year what it loſt at the 
oppoſite; it is evident that either of theſe Suns 
would come ſooner or later to the Meridian than 
the other, as it happened to be behind or before 
the other: and when they were both in conjunc- 
tion, they would come to the meridian at the ſame 
moment. | . | 

237. As the real Sun moves unequably in the 
Ecliptic, let us ſuppole a fictitious Sun to move 
equably in a circle coincident with the plane of 


the Ecliptic. Let ABCD be the Ecliptic or Orbit 
in 
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in which the real Sun moves, and the dotted 
Circle a © c 4 the imaginary Orbit of the fictitious 
Sun; each going round in a year according to the 
order of letters, or from welt to eaſt. Let HIKL 
be the Earth turning round its Axis the ſame way 
every 24 hours; and ſuppoſe both Suns to ſtart 
from A and a, in a right line with the plane of the 
Meridian E H, at the ſame moment : the real Sun 
at A, being then at his greateſt diſtance from the 
Farth, at which time his motion is ſloweſt; and 
the fictitious Sun at a, whoſe motion is always 


ſuppoſed to be always the ſame. In the time that 
the Meridian revolves from H to again, accord- 
ing to the order of the letters HKL, the real Sun 
has moved from A to F; and the fifticious with a 
quicker motion from @ to f, through a larger are; 
therefore, the Meridian E H will revolve ſooner 
from H to h under the real Sun at F, than from 
II to k under the fictitious Sun at /; and conſe- 
quently it will then be noon by the Sun- dial ſooner 
than by the Clock, 

As the real Sun moves from A toward C, the 
ſwiftneſs of his motion increaſes all the way to C, 
where it is at the quickeſt, But notwithſtanding 
this, the fictitious Sun gains ſo much upon the 
real ſoon after his departing from 4, that the 
increaſing velocity of the real Sun does not bring 
him up with the equally moving fictitious Sun 
till the former comes to C, and the latter to c, 
when each has gone half round its reſpective 
Orbit; and then being in conjunction, the Meri- 
dian E HT revolving to E K comes to both Suns at 
tne ſame time, and therefore it is noon by them 
both at the ſame moment. 

But the increaſed velocity of the real Sun, now 
being at the quickeſt, carries him before the fift'- 
tious one; and, therefore, the fame Meridian will 
come to the fictitious Sun ſooner than to the real: 
for while the fictitious Sun moves from c to 2 
L the 


equable, becauſe his diſtance from the Earth is 
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the real Sun moves through a greater are from ( 
to G: conſequently the point K has its noon by 
the Clock when it comes to &, but not its noon by 
| the Sun till it comes to J. And although the ve. 
' locity of the real Sun diminiſhes all the way from( 
to A, and the fictitious Sun by an equable motion 
is ſtill coming nearer to the real Sun, yet they are 
not in conjunction till the one comes to A, and the 
other to a; and then it 1s noon by them both at 
the ſame moment. 7 
Thus it appears, that the ſolar noon is always 
later than noon by the clock while the Sun goes 
from C to A, ſooner while he goes from A to C, 
and at theſe two points the Sun and Clock being 
. _ equal, it is noon by them both at the ſame mo- 
ment, 


Apogee, 238. The point A is called the Sun's Apogt:, 
— cr becauſe when he 1s there, he 1s at his greateſt 
what, diſtance from the Earth; the point C his Peripe, 
| becauſe when in it he 1s at his leaſt diſtance from 
Fig. IV, the Earth: and a right line, as AEC, drawn 
through the Earth's center, from one of theſe 
points to the other, is called he line of the Apfide, 
239. The diſtance that the Sun has gone in 
any time from his Apogee (not the diſtance he has 
to go to it, though ever fo little) is called h 
Me:n Ano. mean Anomaly, and is reckoned in Signs and De- 
maly, what» orees, allowing 30 Degrees to a Sign. Thus, 
when the Sun has gone 174 Degrees from his 
Apogee at A, he is ſaid to be 5 Signs 24 Degrees 
from it, which is his mean Anomaly; and when 
he is gone 355 Degrees from his Apogee, he 1s 
ſaid to be 11 Signs 25 Degrees from it, althovg| 
he be but 5 Degrees ſhort of A in coming round 

to it again. 
240. From what was ſaid above, it appears, 
that when the Sun's Anomaly is leſs than 6 Signs 
that is, when he is any where between A and 0, 
in the half BC of its Orbit, the ſolar noon pre- 
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cedes the clock noon ; but when his Anomaly is 
more than 6 Signs, that is, when he is any where 
between C and A, in the half C DA of his Orbit 
the clock noon pretedes the ſolar. When his 
Anomaly is o Signs, o Degrees, that is, when he 
is in his Apogee at 4; or 6 Signs o Degrees, 
which is when he is in his Perigee at C; he comes 
to the Meridian at the moment that the fictitious 
Sun does, and then it is noon by them both at the 
ſame inſtant. 

241, The following Table ſhews the Variation, 

or Equation of time depending on the Sun's Ano- 
maly, and ariſing from his unequal motion ig the 
Ecliptic; as the former Table, F 229, ſhews the 
Variation depending on the Sun's place, and re- 
ſulting from the obliquity of the Ecliptic: this is 
to be underſtood the ſame way as the other, 
namely, that when the Signs are at the head of 
the Table, the Degrees are at the lefr hand ; but 
when the Signs are at the foot of the Table, the 
reſpective Degrees are at the right hand; and in 
both caſes the Equation is in the Angle of meet- 
ing. When both the above-mentioned Equations 
are either faſter or ſlower, their ſum is the abſo- 
lure Equation of Time; but when the one is 
faſter, and the other ſlower, it is their difference. 
Thus, ſuppoſe the Equation depending on the 
Sun's place be 6 minutes 41 ſeconds too flow, 
and the Equation depending on the Sun's Ano- 
maly be 4 minutes 20 ſeconds too ſlow, their ſum 
zs eleven minutes one ſecond too flow. But if the 
W one had been 6 minutes 41 ſeconds too faſt, and 
de other 4 minutes 20 ſeconds too ſlow, their dif- 
W fcrence would have been 2 minutes 21 ſeconds too 
act, becauſe the greater quantity is too faſt, 
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Sun fafter than the Clock if his Anomaly be mY 
ovigns,| 1 2 3 = x 
F D. M. S. M. S. M. S. M. S. M. S. M. 8 
%% oz 4% 6 367 4306 453 66530 
io 83 54 4007 4306 41] 3 4929 
2 0 164 106 447 43 6 37] 3 4128 
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Sun floxwer than the Clock if his Anomaly be + 


This Table is formed by turning the Equation 

of the Sun's Center (ſee p. 316) into time. 
242. The obliquity of the Ecliptic to the Equs- 
tor, which is the firſt mentioned cauſe of the 
Equation of Time, would make the Sun and 
Clocks agree on four days of the year; which ate, 
when the Sun enters Aries, Cancer, Libra, and 
Capricorn: but the other cauſe, now 1 — 

| wou 
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would make the Sun and Clocks equal only twice 
in a year; that is, when the Sun is in his Apogee 
and Perigee. Conſequently, when theſe two 
points fall in the beginnings of Cancer and Capri- 
corn, or of Aries and Libra, they concur in mak- 
ing the Sun and Clocks equal in theſe points. 
But the Apogee at preſent is in the gth degree 
of Cancer, and the Perigee in the gth degree of 
Capricorn; and therefore the Sun and Clocks 
cannot be equal about the beginnings of theſe 
Signs, nor at any time of the year, except when 
the ſwiftneſs or ſlowneſs of the Equation reſulting 
from one cauſe juſt balances the ſlowneſs or ſwift- 
neſs ariſing from the other. 

243. The ſecond Table in the following Chapter 
ſhews the Sun's place in the Ecliptic at the noon 
of every day by the Clock, for the ſecond year 
after Leap- year; and alſo the Sun's Anomaly to 
the neareſt degree, neglecting the odd minutes of 
that degree. Its uſe is only to aſſiſt in the me- 
thod of making a general Equation Table from 
the two fore-mentioned Tables of Equation de- 
pending on the Sun's Place and Anomaly, § 229, 
241; concerning which method we ſhall give a 
few examples preſently. The next Tables which 
follow them are made from thoſe two; and ſhew 
the abſolute Equation of Time reſulting from the 
combination of both its cauſes; in which the 
minutes as well as degrees, both of the Sun's 
Place and Anomaly, are conſidered. The uſe of 
theſe Tables is already explained, d 225: and they 
lerve for every day in Leap-year, and the firſt, 
ſecond, and third years after: For on moſt of the 
lame days of all theſe years the Equation differs, 
becauſe of the odd fix hours more than the 365 
days of which the year conſiſts. 


 Exawpre I. On the 14th of April, the Sun is Examples 
in the 25th degree of v4 Aries, and his Anomaly — 


s 9 Signs 15 degrees; the Equation reſulting Table. 
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from the former is 7 minutes 22 ſeconds of time 
too faſt, & 229; and from the latter, 7 minutes 
24 ſeconds too flow, & 241; the difference is 2 
ſeconds that the Sun is too flow at the noon of 
that day, taking it in groſs for the degrees of the 
Surf's Place and Anomaly, without making pro. 

ortionable allowance for the odd minutes. 
"ape; at noon, the ſwiftneſs of the one Equation 


makes the Sun and Clocks equal on ſome part of 
that day, 


ExAamPLE II. On the 16th of June, the Sun i 
in the 25th degree of n Gemini, and his Ano- 
maly is 11 Signs 16 Degrees; the Equation ariſing 
from the former is 1 minute 48 ſeconds too faſt; 
and from the latter 1 minute go ſeconds too ſlow; 
which balancing one another at noon to 2 ſeconds, 
the Sun and Clocks are again equal on that day, 


ExaurLE III. On the 31ſt of Auguſt, the Sun's 
lace is 8 degrees 11 minutes of m Virgo (which 
we call the 8th degree, as it is ſo near), and his 
Anomaly is 1 Sign 29 Degrees; the Equation aril- 
ing from the former is 6 minutes 4o ſeconds 
too ſlow; and from the latter 6 minutes 32 ſeconds 
too faſt; the difference being only 8 ſeconds too 
ſlow at noon, and decreaſing toward an equality, 
will make the Sun and Clocks equal in the evening 
of that day. 


ExaMPLE IV. On the 23d of December, the 
Sun's place is 1 degree 58 minutes (call it 2 de- 
grees) of yy Capricorn, and his Anomaly is 5 Signs 
23 Degrees; the Equation for the former is 43 
ſeconds too flow, and for the latter 58 ſeconds too 
faſt; the differente is 15 ſeconds too faſt at noon; 
which decreaſing will come to an equality, and ſo 
make the Sun and Clocks equal in the evening o 
that day, 

And 
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And thus we find, that on ſome part of each of 
the above-mentioned four days, the Sun and Clocks 
are equal; but if we work examples for all other 
days of the year, we ſhall find them different. And, 

244. On thoſe days which are equidiſtant from 
any Equinox or Solſtice, we do not find that the 
Equation is as much too faſt or too ſlow on the 
one ſide, as it is too ſlow or too faſt on the other. 
The reaſon is, that the line of the Apſides, & 238, Remark, 
does not, at preſent, fall either into the Equinoctial 
or Solſtitial points, Y 242. 


* — — Fu 1 
— — ——— —— — — —— . * r — W 7 
WW - WF. N N — — HP 
A t= 2 FE ** DCE EY NE; py = . * 8 _ - — . wy — La - : 
9 £ FR Do *% 
— pri 


— 


a * 
> ng 
« Y- 7 * 
1 — g —— — — * 
1 8 5 a _ 8 2 # Pa * ty Y 
— ** = — * x0 * —_ — 233 Pre _” * 
. FD ; * 7 7 
_ - — — — 


n Bede 
Ln 


_— 2 „ 
— - * = 
— 1 XR I 8 — rn 
a wg” ve — — —  — — 
* ee * . ie, — n 
* OY Ss * 
.: — —— — 4 - * 


245, The four following Equation Tables, for The Reaſon 
Leap-year, and the firſt, ſecond, and third years den Tables 
after, would ſerve for ever, if the Sun's Place and arebut tem- 
Anomaly were always the ſame on every given day!“ 
of the year as on the ſame day four years before or 
after. But ſince that is not the caſe, no general 
Equation Tables can be ſo conſtructed as to be 


perpetual, 
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CHAT, A. 
Of the Preceſſion of the Equinoxes. 
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246. JT has been already obſerved, § 116, that 
| by the Earth's motion on its Axis, there 
is more matter accumulated all around the equa- 

torial parts than any where elſe on the Earth. 
The Sun and Moon, by attracting this redun- 
dancy of matter, bring the Equator ſooner under 
them in every return towards 1t, than if there was 
no ſuch accumulation. Therefore, if the Sun ſets 
out, from any Star, or other fixed point in the 
Heavens, the moment when he is departing from 
the Equinoctial or from either Tropic, he will come 
to the ſame Equinox or Tropic again 20 min. 172 
ſec. of time, or 50 ſeconds of a degree, before he 
completes his courſe, ſo as to arrive at the ſame 
fixed Star or Point from whence he ſet out, For 
L 4 . the 
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PLATE 
VI, 


Fig, IV, 


Of the Preceſſon of the Equinoxes, 


the Equinoctial points recede 50 ſeconds of a de. 
gree weſtward every year, contrary to the Sun; 


annual progreſſive motion. 


When the Sun arrives at the ſame * EquinoQi] 
or Solſtitial point, he finiſhes what we call the 
Tropical Year; which, by obſervation, is found to 
contain 365 days 5 hours 48 minutes 57 ſeconds; 
and when he arrives at the ſame fixed Star again, 
as ſeen from the Earth, he completes the Sygerea/ 
Year, which contains 365 days 6 hours 9 minutes 
14 teconds, The Sydereal Year is therefore 20 


minutes 174 ſeconds longer than the Solar or Tro. 


pical Year, and 9 minutes 14 ſeconds longer than 
the Julian or Civil year, which we ſtate at 365 days 
6 hours: ſo that the Civil year is almoſt a mean 
betwixt the Sydereal and Tropical. 

247. As the Sun deſcribes the whole Ecliptic, 
or 360 degrees, in a Tropical year, he moves 
59" 8” of a degree every day at a mean rate: and 
conſequently 50” of a degree in 20 minutes 17: 
ſeconds of time: therefore he will arrive at the 
ſame Equinox or Solſtice when he is 50" of x 
degree ſhort of the ſame Star. or fixed point in 
the Heavens from which he ſet out in the year be. 
fore. So that with reſpect to the fixed Stars, theSun 
and Equinoctial points fall back(as it were) 3o de- 
grees in 2160 years, which will make the Stars ap- 
pear to have gone 30 deg. forward, with reſpe to 
the Signs of the Ecliptic in that time: for the ſame 
Signs always keep in the ſame points of the Eclip- 
tic, without regard to the Conſtellations. 

To explain this by a Figure, let the Sun be in 
Conjunction with a fixed Star at 5, ſuppoſe in the 
3oth degree of x, on the 21ſt day of May 1746. 
Then making 2160 revolutions through the Eclip- 


* The two oppoſite points in which the Ecliptic croſſes the 
Equincctial, are called the Eguinoctial points: and the two 
points where the Ecliptic touches the Tropics. (which aro 
likewiſe oppoſite, and go degrees from the former) are called 
the Soljiitial points. Fe, 

tie 


Of the Preceſſion of the Equinoxes. 


A TABLE ſhewing the Preceſſion of the Equinoctial Points 1 
in the Heavens, both in Motion and Time; and the Anti- I 
cipation of the Equinoxes on the Earth. | 
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Of the Preceſſion of the Equinaxes, 


tic VMA, at the end of ſo many Sydereal year, 
he will be found again at &: but at the end of 
many Julian years, he will be found at A, ſhort of 
S, and at the end of ſo many Tropical years, he 
will be found ſhort of V, in the goth deg. of Tay. 
rus at 7, which has receded back from S to Tin 
that time, by the preceſſion of the Equinoctial 
points Aries and & Libra. The Arc ST will 
be equal to the amount of the preceſſion of the 
Equinox in 2160 years at the rate of 50” of a de. 
gree, or 20 min. 171 fec. of time annually: this, 
in ſo many years, makes 30 days 104 hours: which 
is the difference between 2160 Sydereal and Tro. 


pical years. And the Arc MT will be equal to 


the ſpace moved through by the Sun in 2160 times 


11 min. 3 ſec. or 16 days 13 hours 48 minutes, 


which is the difference between 2160 Julian and 
Tropical years. 

248. From the ſhifting of the Equinoctial points, 
and with them all the Signs of the Ecliptic, it fol. 


lows that thoſe Stars which in the infancy of Aſtro. 
nomy were in Aries are now got into Taurus; thoſe 


of Taurus into Gemini, &c, Hence likewiſe it is, 
that the Stars which roſe or ſet at any particular 


ſeaſon of the year, in the times of Hes1op, Eu- 


DOXUsS, VIRGIL, PLINy, &c. by no means anſwer 
at this time to their deſcriptions. The preceding 
Table ſhews the quantity of this ſhifting both in 
the Heavens and on the Earth, for any numberof 
years to 25,920; which completes the grand celel- 
tial period: within which any number and its quan- 
tity is eaſily found, as in the following example, 


for 5763 years; which at the Autumnal Equinox, 


A. D. 17 56, is thought to be the age of the world. 
So that with regard to the fixed Stars, the Equi- 
noctial points in the Heavens, have receded 
2* 20? 2' 30” ſince the creation; which is as much 
as the Sun moves in 81* 5* 0 52%, And ſince 
that time, or in 5763 years, the Equinoxes with 

vs 


—  _ cs As a 


Of the Preceſſion of the Equinoxes. 


vs have fallen back 44* 5* 21” 9*; hence, reckon- 
ing from the time of the Julian Equinox, A. D. 
1756, viz. Sept. 1 ith, it appears that the Autum- 
nal Equinox at the creation was on the 25th of 


Okober. 


Anticipation of 
the Equinoxes 


| receſſion of the Eq vinoRial Points 
in the Heavens. 


alian |— 

— | Motion. | Time. on the Earch. 
„0 ' *|D. H. M. 8.|D. H. M. 8. 
eo 2 9 26 40/%0 10 58 208 8 50 0 
700) oO 9 43 2009 20 44 1005 1 

e 1 NT 0 1Y 
'5 8 ao. EE. 0 RE 52 @ 0: 36: 
$702] 2 30 2 30181 $8 74 52044 CE of 
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249. The anticipation of the Equinoxes, and 
conſequently of the Seaſons, is by no means owin 
to the preceſſion of the Equinoctial and Solſtitial 


apparent motions, places, and declinations of the 
fixed Stars), but to the difference between the Civil 
and Solar.year, which is 11 minutes 3 ſeconds; 
the Civil year containing 365 days 6 hours, and 
the Solar year 365 days 5 hours 48 minutes 57 
ſeconds, The next following Table, page 159, 
ſhews the length, and conſequently the difference 
of any number of Sydereal, Civil, and Solar years 

from 1 to 10,000, | 
250. The above 11 minutes 3 ſeconds, by which 
the Civil or Julian year exceeds the Solar, amounts 
to 11 days in 1433 years: and ſo much our ſea- 
{ons have fallen back with reſpect to the days of 
the months, ſince the time of the Nicene Council 
in A. D. 325, and therefore, in order to bring back 
all the Faſts and Feſtivals to the days then ſettled, 
| 1 
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The Anticie 
pation of the 
Eq uinoxes 


and Seaſons. 
points in the Heavens (which can only affect the 


The reaſon 


for altering 


the Style, 
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PLATE 
VI, 


Of the Preceſſion of the Equinoxes, 


it was requiſite to ſuppreſs 11 nominal days. And 


that the lame ſeaſons might be kept to the ſame 


times of the year for the future, to leave out the 
Biſſextile day in February at the end of every cen. 
tury of years where the ſignificant figures are not 
diviſible by 4; reckoning them only common year, 
as the 17th, 18th, and 19th centuries, viz, the 
years 1700, 1800, 1900, &c. becauſe a day inter. 
calated every fourth year was too much, and re. 
taining the Biſſextile-day at the end of thoſeCentu. 


ries of years which are diviſible by 4, as the 16th, 


20th, and 24th, Centuries; viz. the years 1600, 
2000, 2400, &c. Otherwiſe, in length of time, the 


| ſeaſons would be quite reverſed with regard tothe 


The Preceſ- 
on of the 
Equ noctial 
Points. 


months of the year; though it would have required 
near 23,783 years to have brought about ſuch x 
total change. If the Earth had made exactly 365 
diurnal rotations on its Axis, while it revolved 
from any Equinoctial or Solſtitial point to the ſame 
again, the Civil and Solar years would always have 
kept pace together, and the Style would never 
have required any alteration, 


251. Having already mentioned the cavſe of the 
Preceſſion of the Equinoctial points in the Heavens, 
$ 246, which occaſions a ſlow deviation of the 
Farth's axis from its paralleliſm, and thereby a 
change of the declination of the Stars from the 
Equator, together with a ſlow apparent motion of 
the Stars forward with reſpect to the Signs of the 
Ecliptic, we ſhall now explain the Phenomena by 
a Diagram. h 

Let NZSYL be the Earth, SONA its Axis pro- 
duced to the ſtarry Heavens, and terminating in, 
the preſent north Pole of the Heavens, which is 
vertical to N the north Pole of the Earth. Let 
EO be the Equator, T's Z the Tropic of Cancer, 
and YT vs. the Tropic of Capricorn: JO the 


Eclipric, and BO its Axis, both which are _— 
able 


— 


— 2 


n 
— 2 


Of the Preceſſion of the Equinoxes. 


able among the Stars. But, as“ the Equinoctial 
oints recede in the Ecliptic, the Farth's Axis 


YON is in motion upon the Earth's center O, in 


ſuch a manner, as to deſcribe the double Cone 
Von and SOs, round the Axis of the Ecliptic BO, 
in the time that the Equinoctial points move 
quite round the Ecliptic, which is 25,920 years; 
and in that length of time the north Pole of the 
Earth's Axis produced, deſcribes the Circle 
ABCDA in the ſtarry Heavens, round the Pole 
of the Ecliptic, which keeps immoveable in the 
center of that Circle. The Earth's Axis being 235 
degrees inclined to the Axis of the Ecliptic, the 
Circle ABCDA, defcribed by the north Pole of 
the Earth's Axis produced to 4, is 47 degrees in 
diameter, or double the inclination of the Earth's 
Axis. In conſequence of this motion, the point A, 
which at preſent is the north Pole of che Heavens, 
and near to a ſtar of the ſecond magnitude in the 
tail of the conſtellation called the Littie Bear, mult 
be deſerted by the Earth's Axis; which moving 
backward a degree every 72 years, will be directed 
toward the Star or point B in 6480 years from this 
time: and in twice that time, or 12,960 years, it 
will be directed toward the Star or Point C; 
which will then be the north Pole of the Heavens, 
although it is at preſent 8; degrees ſouth of the 
Lenith of Londou L. The preſent poſition of the 
Equator E O Q: will then be changed intog g, 
the Tropic of Cancer Ts Z into ts, and the 
Tropic of Capricorn VT into t; as is evi- 
dent by the Figure; and the Sun, when in that 
part of the Heavens where he is now over the 


* The EquinoQial Circle interſeQs the Ecliptic in two op- 
polite points; namely, the firit points of the ügus Aries and 
Libra: They are called the Equinotti-l Points, becauſe 
when the Sun is in either of them, be is dircelly over the 


a Equaicr; and then the days and rights ate 
qual, 
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Of the Preceſſion of the Equinoxes, 


earthly Tropic of Capricorn, and makes the ſhorteſ 
days and longeſt nights in the Northern Henj. 
ſphere, will then be over the earthly Tropic gf 
Cancer, and make the days longeſt and night, 
ſhorteſt. And it will require 12,960 years more, 
or 25,920 from the preſent time, to bring the 
north Pole NN quite round, ſo as to be directed 
toward that point of the Heavens which is vertical 
to it at preſent. And then, and not till then, the 
ſame Stars, which at preſent deſcribe the Equator, 
Tropics, and Polar Circles, &c. by the Earth's 
diurnal motion, will deſcribe them over again, 


A TABLE 


p_ 


A TAB LE ſhewing the Time *** in any number of Sydereal, 


Of Sydereal, Julian, and Solar Time, 


Julian, and Solar Years, from 1 to 10000. 
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Sydereal Years. 


Julian Years. 


| _ Solar Years. 
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Table of the Sun's 


A TABLE ſhewing the Sun's true Place, and Diſtance from 
its Apogee, for the ſecond Year after Leap-year, 

2 | January. | February. March. | April. 
L- 5un's } Sun's | Sun's | Sun's | Sun's | Sun's | Sun's "RY 
= | Place. | Anom.| Place. | Anom.| Place. |Anom.| Place. Anom. 
e þ a 
1D. MD. MD. M. D. M. D. M D. M. D. MD. M.. 
11157230 6 ee, 41K 108 217579 ; 
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Place and Anomaly. _ 


a TABLE ſhewing the Sun's true Place, and Diſtance from| 
f its Apogee, for the ſecond Year after Leap-year. 


May. {| Jane. | July. Auguſt. 
Sun's | Sun's | Sun's | Sun's | Sun's | Sun's | Sun's | Sun's. 
o Place. Anom. Place. Anom. Place. Anom. Place. | Anom. 
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92 9 © 8 45/11 297 23] 0 287 111 
e 
mp 0611 1 8 210 © 20 3 29 
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MN A TABLE 


Table of the Sun's, &c. 


A TABLE ſhewing the Sun's true Place, and Diſtance from 
iis Apogee, for the ſecond Year after Leap-Vear. 


September. | October. November. 
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Shewing what Time it ought to be by the CLOCK 
when the SUN's Center is on the Meridian, 
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164 Equation Tables, 


A TABLE wing what Time it ought to be by the the 
Clock when the Sun's Center is on the Meridian, 
The Biſſextile, or Leap-Vear. : 
8 January. February. March. | April, © 
= : 
* H. M. S. | H. M. s. H. M. 8. | H. M. 8. 
I XII 4 o XII 14 3 XII 12 30 XII 3 4 
2 4 30 14 10 vs - 5 3 24 
3 4 58 14 17 12 4 1 
4 x. 14 22 11 50 2 4 
| 5 8 14 27 11 35 2 30 
6] XII 6 19 XII 4 31 [ XII 11 21 XII 2 1; 
F 14 34 11 6 1 5 
8 > 20 14 37 10 50 1 38 
g 3-65 14 38 10 34 1 2 
10 8 14 39 10 18 23 
11] XII 3 24 | XII 14 39 XII 10 2|XII o 6 
12 8 47 14 38 9 45 0 PN, 
12 9 10 14 37 9 28 0 * 
14 9 32 14 35 9 11 0 
15 e 
16] XII 10 14 XII 14 28 XII 8 36 XI 59 
17 10 34 I4 24 8 18 59 m 
18 10 53 14 19 S © 59 4 
L 14 13 7 42 58 zl 
20 1 39 3: ©: 58 J 
210 XII 11 47 XII 14 of XII 7 6 XI 5 20 
22 bn 42 7 Oo 47 38 If 
23 12 19. 3 44 6 29 Fo 1 
24 12 34 13 36 6 10 57 8! 
25 12 48 | 13 26 gs 57 4 
260 XII iz of Xl 13 16 XII 5 33 XI 57 „ 
27 13 13 oy. s 8 F 3 
28 13 25 I2 54 4 56 57 n 
29 13 36 12 42 4 37 8 
0 13 45 4 19 56 55 
31 13 $4 : 4 o | 7 I» 


Equation Tables, 1765 


— —— — — 


TIE ſhewing what Time it oaght to be by the 
Clock when the Sun's Center is on the Meridian. 
th The Biſſextile, or Leap-Year, £23] 
. May. | June. | | July. {| Auguſt. 
» Ss _ — , 
*|H. M. S. H. M. S. H. M. 8. H. M. 8 
XI 56 48 XI 5) 30 XII 3 29 XU $5 61 
n 3 @f - $6 
SS: # $65 7 SJ 3 57 5 42 
4 $56 28 *57 59| 4 02 5 36 
«5 19 58 10 4 12 5 30 
6 XI 56 18 | XI 58 20 XH 4 22 XH $5 23 
r 4 31 5 16 
18 56 10 58 42 4 40 |i 1 
7 58 54 4 49 | T3 
= 6 ch © #Þ 4 57| 4 51 
11 XI 36 3 |:XI 59 18 | AM $8: 5 AKT 4. 4 
12 11 404 3 16. 4 22 
. 5 of 4. 22 
„ 5 26 4 10 
I5 56 XII © 5 34 3 58 
1% XI 56 XII o 20 Xl 5 36 XI 3 46 
I 56 4 o 33 C4 3 33 
10 8 o 4b 14 39 
„l o 59 5 52 8 
20 56 12 1 W0 2 52 
21 XI 56 16 XII 1 26 XII 5 59 |XH 2 38 
22 1 -. 2: = 27 2 23 | 
23 56 25 1 58 | 19 Ss T4 
24 6 31 1 6 4 3 ny 
N 2 17 6 4 137 
0 XI 56 43 XII 2 30 XII 6 4 XII 1 16 
80 2 42 6 4 1 
28 56 57 2 5 o 44 | 
4. 91 1 0 o 26 
3 & 33 3 18 $ £9 0. TY 
rai — 
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Equation Tables. 


[a TABLE ſhewing what Time it ought to be by the 
| Clock when the Sun's Center is on the Meridian, 
[ I The Biſſextile, or Leap- Year. 3 
September. | October. November. | December, 
* R 
H. M. 8. H. M. s. H. M. 8. H. M. s. 
IXI 59 30 XI 49 22 XI 43 4 XI 4% 43 
2 — |. 49 $ 43 45 8 
3 58 52 48 45 43 45 50 31 
4 58 32 1 50 
15 58 12 48 9 43 49 
6 XL 57 52 | XL % 52 XI 43 $3 
”%” 7» 47 36 43 57 
8 57 12 47 19 44 2 
9 56 51 47 4 44 B 
10 56 30 46 48 44 14 
— 
11] XI 56 10 XI 46 33 XI 44 22 
12 55 49 46 19 44 30 
in 335 © 46 6 44 40 
14 5 2 45 52 44 50 
15 54 46 45 40 45 1 
16] XI 54 25| XI 45 28 | Xl 45 13 
17 54 5 45 16 45 25 
18 2-45 *]:. 45 9 
19 53 23 44 55 45 $3 
20 $3 -» 44 40 45 B 
21 Xl 52 41| Xt 44 37 | Xl 46 24 
22 1 22 44 29 46 41 
23 $6» 44 21} 16 58 
24 51 40 44 14 47 16 
{25 51 19 44 8 47 35 
26 XI 50 59 XI 44 2| XL 47 55 
27 90 39 43 57 43 15 
28 50 20 43 83 48 30 
29 8 43 50 48 58 
30 49 4 43 48 40 20 
z4l 43__40 | 


9 
4 
| 14 
Equation Tables. 167 1 
| TABLE ſhewing what Time it ought to be by the j 
Clock when the Sun's Center is on the Meridian. 
= The firſt Year after Leay-Year, 
| January. February. March. April. 
| FH. M. s. H. M. s. H. M. s. H. M. s. 
XII 4 23 XII 14 9 XII iz 33 XII 3 47 
2 4 5¹ 14 0 12 20 3. 
3 005 © 234.30 is. 9 3 10 
4 5 46 14 27 11 54 2 52 
5 1 14 31 11 40 2 35 
6 XII 6 39 XII 14 34 | XII II 25 XII 2 17 
7 F. 4 14 37 / 2 O 
0 38 v4 1 I $9 8 25 
9 2 4 14 40 0 1 
10 8 18 14 40 10 23 3 
1 XII 8 42 XII 14 39 XII 10 7 XII o 52 
12 4 14 38 9 50 © 36 
13 9 26 14 30 9 o 20 
14 9 45 14 33 915 — 
15 18 9 14 30 8 c8 | XI 59 0 
16) XII 10 29 | XII 14 25 XII 8 41|XI 59 35 
17 10 48 14 20 8 23 59 21 
18 1 14 15 8 32 
1 11 25 14 9 7 47 58 54 
j20 11 42 | 14 - *£ 7 29 58 41 
21] XII 11 59 XII 13 54| XII 7 10| XI 58 28 
22 12 is 13 46 a. 58 16 
23 12 30 13 37 6. 33 58 4 
24d 12 44 13 28 6 15 $7 a" 
25 1 13 18 3 $56 57 45 
26! XII 13 10 | XII 13 8 XII 5 38| XI 57 32 
27 by — og 13 39 5 19 $7 03 
40 13 33 12 45 1 3 
= "3 43 4 47 $7- 3 
. 4 23 56 57 
all I4 1 Wa 1 
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X TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 
Il be firſþ Year after Leap-Year. = A 
of | May. | June. 1. July. | "Augat, | 
2 H. M. 8. H. M. s.] H. M. 8. H. M. 8. 
XI 56 40 XI 57 27 XII 3 26 XII 5 f= 
2 56 42 | 57 36 3 37 | 5 a8 | 
3 56 36 37 40 3 48 5 43 
4 56 29]. , 57 56 3 58 5 38 
5 56 24 58 6 3 5 32 
* — — — ” — 
60 XI 56 19 XI 58 17 [XII 4 19 XU 5 25 
7 56 14 38 27 $ 05 5 28 
8 56 11 | 58 38 4 37 | 5 10 
9 56 7 58 500 4 46 5 2 
= 59 2 4 55 4 53 
110 XI 56 2 [XI 59 14 XII 5 3 XII 4 44 
I2 6 - | 59 26 5 10. 4 34 
13 . 5 17 4 % 
14 565 © 59 50 5 24 | 4 13 
15 0 1 & 
16 XI 56 ü XII o 16|XII 5 36|XII 3 49 
wh. $$ 0 o 29| 5 41 3 37 
18 56 4. 0 42 5 46 3 24 
19 $0 7 o 55 5 50 3 10 
20 56 10 3 5 54 2 56 
21 xl $6 13 XII 1 21 XII 5: 57 XII 2 4 
22 56 17 1 34 3 2 27 
28 56 22 1 47 S: 2 2 12 
24 56 28 3 3 3-8 
25 56 33 2 13 64 1 40 
200 XII 56 40 | XIL 2 25 XII 6 4 XI 123 
27 56 47 2 38 6 4 1 
58 56 54 0 8 #3 o 49 
29 37 OS | 3 02 5 o 31 
30 1 3 14 „ 
H 218 . 5 56 | XI 59 


' 


3 Tables, x69 
—TIBLE ſhowing what Time it ongfit to be by the 
Clock when the Sun's. Center is on the — _ 
© The firſt Vear after Leap-Year. 
| September. October. November. | December, | 
H. M. 8. H. M. 8. H. M. 8. H. M. 8. 
uf XL 5g 36 XI 4 26 XI 43 46 XI 49 38 
q- ' oy 49 9 43 46 50 ol 
. 48 51 43 47 50 25 
4 $58 38 43 33 43 48 50 50 
58 18 48 15 43 50 31 17 
XI 57 58 XI 47 58 XI 43. 53 
3 47 41 43 57 
. 47 24 44 
7 47 8 44 
17-9 7] 40 $88 | 49 
XI 56 26 | XI 46 38} XI. 44 21 
In ''- $5 $$ 46 24 44 29 
A: 5 9 46 10 44 3 
N 45 56 44 48 
» RB 45 4 & 59 
160 XI 54 31 | XI 45 32 XI 45 10 
7-54 45 20 45 23 
1]. $3 $6 45 9 45 36 
' 33 29 44 59 45 50 
1 *| 44 8} {WM 
21 Xl 52 47 | XI 44 40 XI 46 21 
| 5827 44 31 46 37 
| © -6 44 24 46 54 
„ 44 17 47 12 
1 1 44 10 „ 
N gt XI 44 5| XL 47 51 
4 „ 48 11 
e 
4 43 52 48 53 
3] 49 47 43 49 49 15 
— 42. 42 
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A TABLE ſhewing what Time it ought to be by the 
| Clock when the Sun's Center is on the Meridian. 
. The ſecond Year after Lea p-Year. Res 
G1 January. February. March. April. 
* — — _ 
5|H M. s. H. M. s. H. M. 8. H. M. 8. 
i XII 4 15 XII 14 6 XII 12 35 XII 3 50 
2 4 43 14 13 12 23 3 
3 1 48 14 19 1 3 14 
4 4 38 14 24 11 56 2 50 
5 338 14 29 ts. a 2 38 
6 XII 6 31 XII 14 32 XII 11 27 XII 2 20 
7 6 57 14 35 11 13 2 3 
8 7 22 14 37 10 58 1 46 
9 33 14 39 10 42 1 29 
10 3 14 39 10 26 1 
11 XII 8 35 | XII 14 39 XII 10 io | XII o 556 
12 8 58 14 38 9 54 o 40 
13 4 9 37 0 24 
14 9 43 14 34 9 20 2 
15 10 4 14 31 9 3 XI 59 5 
16] XII 10 24 [XII 14 27 XII 8 45 XI 59 39 
17 10 44 14 22 8 28 59 25 
18 IE, ds. v7 s 10 59 1 
19 44 182 bd. 2343 7. 8 58 58 
20 11 39 bs 4 6 58 45 
21] XII II 56 | XII 13 57 XII 7 15 | XI 58 32 
. 13 49 3 58 10 
23 13 27 13 40 6 38 8 
24 12 41 13 31 6 20 57 56 
25 3 . 1 
260 XII 13 7 XII 13 10 XII 5 42 MI, 57 3 
27 3 12 59 1 57 25 
28 0 22 47 E223 57 13 
2g] 13 40 4 46 57 6 


30 13 50 | 4 27 56 55 


131 13 58 
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x TABLE ſhewing what Time it ought to be by the | 
Clock when the Sun's Center is on the Meridian. 

The ſecond Year after Leap-Year, | 
ol May. June. B! July. | Auguſt. |: 
*|H, M. S. H. M. $. H. M. s. H. M. S. 
A 56 50 XI 57 24 XII 3 22 XII 5 53 
36 43 57 33 3 33 5 19 
J 3 44 5 44] 
&; -:49 $7. Wn: 3 55 5. 
„ I 3 5 - 
61 XI 56 19] XI 58 13 | XH: 4-.16j XU" $28 
7 56 15 58 24 4 26 6. 20 
11 58 35 4 35 5 13 
F 4 44 83 
„„ 58 59 4 53 4 50 
nXI-6 u 59 21 | AR: 5.01.31 30: 44087 
mn " 59 23 6-2 4 38 ' 
3 56 © 59 37 * 4 27 
8 59 48 5 23 41 uþ 
5 56 XII o ot, 40 4-1 
6X1 56 24 XI o 14 | Alt. 7 36 | XH- 3. ant 
"7 Fo. 0 9 5 41 3 
18 8 4 o 40 3 4b 3 2 
127 o $3 5 50 3 
36 10 33 5 54 35 
— . —ä— — H— — — ö 
0 Al:$6' 13} AU vn 191 AM 2 $71 X80 206 
22 56 17 == O a 38:} 
of 56 22 1 44 = _ 
124 56 27 1 „„ S: 
25 56 32 2 8 1 44 
20 XL 56 38 XII 2 22 XII 6 4 XII 1 27 
36 45 2 34 = 1 10 | 
28 56 42 2 46 _ 0-39 
29 56 59 a af © . 46. 
0 ny 3 10 5 59 o 17 
KLY 1 l 50 
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A TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 
— euere bade VER 
50 The ſecond Year after Leap-Year. 
2 September. October. November. 
— 1 1 madam — —„—-— — — — 
„H. M. 8. H. M. 8. | | 
— : 
XI 59 40 XI 49 32 XI 43 46 XI 49 32 
2 59 21 49 14 43 46 49 56 
=_— 3 4 55 43 &F $0 ® 
4 58 43 48 37 43 43 50 44 
5 58 23 48 20 43 50 Ss. 
XI 58 4 XI 48 3| XI 43 53|XI 51 35 
7 57 4 47 46 W 7 3$*-2 
8 57 23 47 29g. 44 1 52 28 
9 13 1 44 7 52 55 
10 56 43 49 58 4 W4 - -$3 
i XI 56 22 XI 46 43 XI 44 20 XI 53 51 
12 56 1 46 29 44 28 54 19 
13 55 44 46 15 44 37 54 48 
14 £6 0 = 4 44 a7 58 17 
15 54 59 45 48 44 57 55 46 
16] XI 54 38 | XI 45 36 XI 459 8| XI 56 15 
17 54 17 45 24 45 20 56 45 
18 53 56 45 13 45 33 57 14 
19 53 35 45 2 45 47 57 44 
20 33 4 44 52 46 2 58 14 
21] XI 52 53 XI 44 42 XI 46 17 XI 58 44 
22 52 32 44 34 46 33 | 59 14 
23 52 11 44 26 46 go 59 44 
$0 44 18 47 2X o 14 
25 51 30 44 11 47 26 oO 44] 
26 XI 51 10 XI 44 6 XI 47 45 XII 1 13 
27 50 50 44 © 48 8 2 
28 50 30 43 56 48 26 2 13 
29] 50 11 43 52 48 47 2 4 
30] 49 51 43 50 49 9 5 
1 — a 


Equation Tables. 
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A TABLE ſhewing what Time it ought to be by the 

Clock when the Sun's Center is on the Meridian. 

19 The third Year after Leap-Year. 

- January. February. March. April. 
H. M. 8. H. M. 8. H. M. 8. H. M. $ 
of Xit 4 8 XII 14 4 XII is 33 [XH 5 56 
2 4 36 14 11 12 5 3 36, 
3 3 +! 1 131 MM 3 18 
„ 11 59 "3s. 
5 5 59 14 28 11 45 2 43 
6 XII 6 x5 | XII 14 32 XII mn 31 XII 2 25 
; 6 g1 14 35 7 ET, 8 
8 3 4 I 3 48 
9 7 12 14 39 10 46 134 
10 6 14 40 10 31 1 17 
111 XII 8 30 XII 14 40 XII 10 14 XII x 1 
12 8 $3 14 39 9 58 O 44 
13 9 16 14 37 9 41 oO 29 
14 9 38 14 35 9 24 o 13 
ls 9 59 14 31 9 7|XI 59 58 
16 XII 10 20 XII 14 27 | XII 8 49 | XI 59 43 
17 10 39 14 23 8 32 59 28 
18 lo 58 44 8 14 59 14 
19 11 17 14 11 8 8 
r 14 5 7-37 58 47 
21 XII II 51 [XII 13 go [XH 75 19] XI 58 34 
22 9 13 49 *.- 0 8583 
23 12 22 13 41 6 42 33 07 
4 12, 36 13 32 „„ 
5 12 50 13 22 6 4 57 47 
26] XII 13 3 XII 13 12 XII 5 46 XI 57 37 
1 Js 5 © $3 $7. 7 
28 bz $7 12 50 © 8 $7 oP 
* 993 4 50 3 
30 14 47 4 31 37 
gy ers — . — . 
in | 4 13. 
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| A TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 
| The third Year after Leap-Year, FS": 
l * May. 25 june. July. 17 Auguſt, 
7 H. N. 8, H. M. s. H. M. 8.|H.M.s, 
70 XI 56 52 XI 57 22 XII 3 20 | XII 3 4 
2 56 45 87. 31 3 31 5 5Fo 
| 3 56 38 57 41 3 42 3 
4 55 32 57 $1 3 $3 5 41 
5 56 26 8 3 N 
——— — — —e— — — — —-— 
6 XI 36 #23 | XI 158: 12 |-All ' 4 24] XIE 5: no 
7 56 17 58 23 4 4 8 
8 56 13 58 34 4 34 5 15 
3 58 45 4 43 1 
10 $6 28 58 57 4 52 4 58 
WAX 6 ai ico 8]al.s ef al :4-27 
12 36 2 59 21 gs 8 4 40 
13 56. 1 59 33 5 15 4 29 
14 50 © 59 45 5 22 4 9 
15 56 © 59 58 5 28 $ 77 
— — — — — — — — . 
%% —ů(l re „n 
17 5 2 & By S ID 3 43 
18 x76. 56 o 36 5 44 3 7 
33 o 49 5 48 3 17 
20 36 = 1 3 
21 XI 56 an [ XI -2 24 [XI 5 g5:} All 8 $8 
22 36 EI © $9 2 34 
23 56 20 1 40 3 2 19 
24 56 25 = 6 2 3 
acl - "6 3 9 1 47 
260 XI 56 56 | XII 2 18 XI 6 3 XII 1 gi 
27 56 43 2 $1 13 I 14 
28 56 50 2 44 3 o 57 
29 36 49 2 56 6 11 o 39 
30 73 2 5 59 3 
31 57 13 PERS, 5 57 ” 


\ 


Equation Tables, 
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A TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian, 


— — 


The third Year after Leap- Year. 


— — 


& September. | October. | November.] December. 
8 — 1 

7 H. M. 8. H. M. S. A. M. 8. H. M. 8. 
XI 59 45 | XI 49 37 | XI 43 47 XI 49 27 
2 59 26 49 19 43 47 49 50 
3 1 49 0 43 47 50 14 
7. 9.4 43 42 | 43 47 $0 "28 
6 58 28 48 24 43 51 
M „oe 7 | XI as $5 

7 Fw  &X 43 55 

8 57 28 47 33 43 39 

9 3 9 44 

10 56 47 47 - | 44 

IXI 56 27 | XI 46 46 | XL 44 

12 56 © 40 31 44 25 

[3 55 45 40 17 44 33 

| 55 24 46 3 44 43 

5 55 3 45 50 44 53 

16! XI 54 42 XI 45 37 | XI 45 

17 54 20 45 25 45 

1s 53 59 45 14 45 

lg 53 39 a. 45 

+43 44+ 53 45 

. 32 VEE . 

21 AL 52 56 XI 44 43 Xt 46 -16 

22 $3 36 44 35 46 

1 44 27 46 

7 51 55 44 19 47 

25 1 44 13 47 

[6 AL $1 -14 | XI 44 9 FM a7 a 

1 30 $4 | 44 1 45 

Mt $0.35 43 57 48 21 

% „ 43 53 48 

Jo 49 50 43 50 49 

1 43 48 
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* * OBSERVE by a good Meridian Line, or 
by a Tranſit Inſtrument, properly fixed, the Mo- 
ment when the Sun'scenter is on the Meridian; and 
ſet the Clock to the time marked in the preceding 
Table for that Day of the year. Then if the Clock 
goes true, it will point to the Time ſhewn in the 
Table every day afterward at the Inſtant when it 
is Noon by the Sun, which is when his Center is 
on the Meridian. — Thus, in the firſt Year after 
Leap-year, on the 20th of October, when it is Noon | 
by the Sun, the true equal Time by the Clock 1s 
only 44 minutes 49 ſeconds paſt XI; and on the 
| laſt day of December (in that Year) it ſhould be 
3 minutes 47 ſeconds paſt XII by the Clock when 
the Sun's center is on the Meridian, 


The following Table was made from the pre- 
ceding one, and is of the common form of a Table 
of the Equation of Time, ſhewing how much 2 
Clock regulated to keep mean or equal time 1s 
before or behind the Apparent or Solar time 

every Day of the Year, 


A TABLE 


jo — — 


| 
j 
2 
! 
* 
111 
q 
Wn 4 
. 
: 
13 
= 
: | 
+ KF 
i : 4 
* | 
\ 4; 
; S | 
ui 4: 
> o 
| ' 
7] * 
| - 
* 


A 
4 
OF THR 
EQUATION or TIME, 


SHEWING 


How much a CLOCK ſhould be rasTiR 
or SLOWER than the SUN, at the Noon 
of every Day in the Year, both in Lzae- 
Years and CoMMoN YEARS, 


[The Aſteriſks in the Tables ſhew where the Equa= 
tion changes to Slow or Faſt.] 


178 


Egquation Tables, 


A TABLE of the Equation of Time, ſhewing he 
much a Clock ſhould be faſter or ſlower than the Sun, 
every Day of the Year, at Noon, 

3 lIhzhe billextile, or Leap-Year, n 

2 Jan Feb. March. April. May. Jane,” 
Ld — 
NM. . . 8 M. 8. M. 8. M. 8. M. 
) RE Sn WT 347 3.6 2 1 
2 4830 1490122173924 3019] 204 
485843816128 4 336 3826 224 

574 48 3 „ 

5 5 52|14 , 35 2 30 3 37 1 gi 
6 6 Pr 1 @ 
7] 6245 14234 118 6 1255 | 3246 | 158 
8 79210 | 145337 | wFgo| 1538 33 50 fu 
Ff 190 $61 1 $1} $33 3-874 

Io 5s a 910 Win 4} 3 $5]-0 þ 

wi TL wv 2s 4} 1.018 

„% 9 4] © 32] 3-59] © 3 

T 719 39] © 37] 4 01] © i 

J =xXi9ou}s 34 wjs'y 

15 9 534 32| 8 54| o#13| 3 59 | o#\ 

cl „%% jj 38 $61 © 28] $3 58] 0 5 

17] 10 34 | 14 24| 8 18 8042 3 56 oy 

18] 1 33 „ 19 | 8 oo Oo 6 3 340386 

EMI M9 7 481-23 01 3-851. of 

ou in FF] 7 44] 3 28] 35S 85] 3 

21] 11 47 a] 7 $1] +4 $61]-$: 4451.3 

e wi 6 4] iPgol 3 40 1855 

23] j2 wi $6] © 29] 1957 | 3 3s] 139 

„ if 60 07 87 $1 3 $013 þ 

i NI 1 5 $8] 48 90] 3 [2 J 

$0243 13 „ «8 201 l 

01:03 ͤ»;—1yõLαÆ4. 15 £1] 8 0] $3 301j-8 # 

1 TR 614 #1 8 44+ 13 3 2 H 

29 13 36 | 12 42 4 37| 2 56| 2 55] 3 © 

30| 13 46 + ws $1 ®4} +7 

es 86 4 o 4 
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ATABLE of the Equation of T ime, ſhewing how | 
much a Clock ſhould be faſter or flower than the Sun, 
every Day of the Year, at Noon, 2 

| The Biſſextile, or Leap Year. | 
| July. | Auguſt, Sept. Ottober. | Nov. Dec. 

—— — 

3 M. 8. NM. 8s. M. 8. M. 8. M. s. M. s. 

= 29| 5 51] O 30 10 38| 16 15 | 10 17 

2 3249 | 5247 | 0Q49 10857 | 16015 | 9253 

x 3951 | 5842 | 18 81181516815 829 

, ͤ WT. 

, 2+} © 

6 4 WT: 29 2 8 FRETS 8 9 

7 4231] 5816 | 2928 | 12924 | 162 3 7247 

> 45 40 55 8 | 2848 | 12841 | 15 £58 73 20 

449 5 00. 37 91235615352 | bogs 

| 4 574 51] 3 3013 1215 46 6 25 

11 NF 3 30 13 „ -26 © 

1 , 61 = 20 

MP] 4-30-71 4 3* 1 13 ET 0'7- 4 

5 0] 4.10] 4 563/44. 107 4 W 

MS] 3 50} 5 141 34 "TG $9} 4 0 

5 38| 3 46] 5 35% 14 32|14 47| 3 3 

56813 33] 5 $014 I 6] 3 4 

5 43] 3 20j 6 10 | 14 544 21| 2 318 

— +3 61 060 p14 Jar T1 a 

m5} 2.52:j] 6 -58 fog 144 b9- $21 2 at 

a1 5 59 | 2 38 7. 9 

e 26135 2016 31 

11 7 $ 0013104 WIL 2 © | 

WT 41 2.51 8 20 | 15 40 | 12 44 | o#*29 

— 5 411 35] 8 41] 15 52112 25] © 59 

R 6 «1 3 of 9g 1] WR 7 1 <9 

= 147 1 25 @ $1 {0 |S at | 2 

9/2/10 .44] 9 41 16 [+8 24 2 727 

% 6 00! o 20 10 0016 101 2 2 56 

5 58 © 810 1916 1210 40 3 25 | 

Wu 5 55 Oi | | 16 14 | 3 54 | 


180 


Equation Tables. 


FA TABLE of the 


uation o ime, ewing ow 7 
much 2 Clock ſhould be faſter or flower than the ö. | | 
every Day of the Year, at Noon. . 

N Ihe ficit Year after Leap-Year. "TA > 
& Jan. Feb. | March. April. May. | my * 
N. 8. M. s. M. s. M. 8s |M. s. MI 
i 4.2376] 9112 seen F 
2 485 | 14Q16| 12Q20 | 329 3218 | 20% b 
31 5819 14821[128 7 3810 3225 | 28 

4 $46 | 14726 | i154 | 252 37/31 [27 . 
5.0 WIR INn{jn ©] 2 51 T5 ©} 15 
SG 6:0 114134ji1 $5] 8 I 3 41} 1 g 7 
7 72 4 14 237 11710 2 200 | 3©45 | 15y 7 
8 7-330 | 14339 | 10955 | 1943] 3391 
9 7* 54 | 14* 40 10 39 | 1 26] 3353 | 13 
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CHAP, XV. 


The Moon's Surface mountainous: Her Phaſes deſcrib- © 
ed: Her Path, and the Paths of Fupiter's Moons 
delineated : The Proportions of the Diameters of 
their Orbits, and thoſe of Saturn's Moons, io each 
other; and to the Diameter of the Sun. 


252. D looking at the Moon with an ordinary P' ATE 
B teleſcope, we perceive that her ſurface is aL 
diverſified with long tracts of prodigious high 
mountains and deep cavities. Some of her moun- 
tains, by comparing their height with her diameter . 
(which is 2160 miles), are found to be three times 
higher than the highelt hills on our Earth, This The Moon's | 
ruggedneſs of the Moon's ſurface is of great uſe munuin- 
to us, by reflecting the Sun's light to all ſides: for o.. 
if the Moon were ſmooth and poliſhed like a 
looking-glaſs, or covered with water, ſhe could 
never diſtribute the Sun's light all round; only in 
ſome poſitions ſhe would ſhew us his image, no 
bigger than a point, but with ſuch a luſtre as 
would be hurtful to our eyes. 

253. The Moon's ſurface being ſo uneven, many 

have wondered why her edge appears not jaggel 

as well as the curve bounding the light and dark 

parts. But if we conſider, that what we call the 

edge of the Moon's Diſc is not a ſingle line ſet why no 
round with mountains, in which caſe it would ap- 3 
pear irregularly indented, but a large zone having 

many mountains lying behind one another from 
the obſerver's eye, we. ſhall find that the mountains 
in ſome rows will be oppoſite to the vales in others, 

4 and fill up the inequalities fo as to make her ap- 

pear quite round; juſt as when one looks at an 
orange, although its roughneſs be very diſcernible. 
on the ſide next the eye, cſpecially if the Sun or a 
Candle ſhines obliquely on that ſide, yer the line 

terminating 
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PLATE 
VII, 


The Moon 


Kas no twi- 


light. | 


Fig. I. 


The Moon's 
Phaſes, 
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terminating the viſible part ſtill appears ſmooth 
and even. | 
254. As the Sun can only enlighten that half 
of the Earth which is at any moment turned to- 
ward him, and being withdrawn from the oppo- 
fite half, leaves it in darkneſs; ſo he likewiſe doth 
to the Moon: only with this difference, that the 
Earth, being ſurrounded by an Atmoſphere, and 
the Moon, as far as we know, having none, we 
have twilight after the Sun ſets, but the Lunar 
inhabitants have an immediate tranſition from the 
brighteſt Sun-ſhine to the blackeſt darkneſs, Q 177. 
For, let zr ks w be the earth, and 4, B, C, D, 
E, F, G, H the Moon in eight different parts of 
her Orbit. As the Earth turns round its Axis, 
from weſt to eaſt, when any place comes to ? the 
twilight begins there, and when it revolves from 
thence to 7 the Sun & riſes; when the place comes 
to s the Sun ſets, and when rt comes to w the twi- 
lightends. But as the Moon turns round her Axis, 
which 1s only once a month, the moment that any 
point of her ſurface comes to 7 (ſee the Moon at 
G) the Sun riſes there without any previous warn- 
ing by twilight; and when the ſame point comes 
to 5 the Sun ſets, and that point goes into darkneſs 
as black as at midnight. 
255. The Moon being an opaque ſpherical bo- 
dy (for her hills take off no more from her round- 
neſsthan the inequalities on the ſurface ofan orange 


take off from its roundneſs) we can only ſee that 


part of the enlightened half of her which is roward 
the Earth, And therefore when the Moon 1s at 


A. in conjunction with the Sun 8, her dark half 


is toward the Earth, and ſhe diſappears, as at 4, 
there being no light on that half to render it viſi- 
ble. When ſhe comes to her firſt Octant at B, or 
has gone an eighth part of her Orbit from her 
Conſunction, a quarter ofherenlightened ſide is ſeen 
toward the Earth, and ſhe appears horned, as at 


5. When ſhe has gone a quarter of her Orbit 
| 1 from 
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from between the Earth and Sun to C, ſhe ſhews 

vs one half of her enlightened fide, as at c, and we 
ſay, ſhe is a quarter old. At D ſhe is in her ſecond 
Octant, and by ſhewing us more of her enlight- 
ened ſide ſhe appears gibbous, as at 4. At E her 
whole enlightened fide is toward the Earth, and 
therefore ſhe appears round, as at e, when we ſay 

it is Full Moon. In her third Octant at F, part 

of her dark fide being toward the Earth, ſhe 
again appears gibbous, and 1s on the decreaſe, as 

at /. At G we ſee juſt one half of her enlightened 

ſide, and ſhe appears half decreaſed, or in her third 
Quarter, as at g. At H we only ſee a quarter of 

her enlightened ſide, being in her fourth Octant, 
where ſhe appears horned, as at h. And ar A, 
having completed her courſe from the Sun to the 

Sun again, ſhe diſappears; and we ſay, it is New 
Moon. Thus, in going from A to E, the Moon 
ſeems continually to increaſe; and in going from 
Eto A, todecreaſe.in the ſame proportion; having 

like Phaſes at equal diſtances from A to E, but as 

ſeen from the Sun S, ſhe is always Full. 

256. The Moon appears not perfectly round The Moon's 
when ſhe is Full in the higheſt or loweſt part of n avi 
her Orbit, becauſe we have not a full view of her wund when 
enlightened ſide at that time. When Full in the 
higheſt part of her Orbit, a ſmall deficiency ap- 
pears on her lower edge; and the contrary when 
Full in the loweſt part of her Orbit. 

257. It is plain by the figure, that when the The Phaſes 
Moon changes to the Earth, the Earth appears Aten 
Full to the Moon; and vice verſa. For when the comray. 
Moon is at 4, New to the Earth, the whole en- 
lightened ſide of the Earth is toward the Moon; 
and when the Moon is at E, Full to the Earth, its 
dark fide is toward her. Hence a New Moon 
anſwers to a Full Earth, and a Full Moon to a New 
Earth, The Quarters are alſo reverſed to each other. 
258. Between the third Quarter and Change, the — Agrees 
Moon is frequently viſible in the forenoon, even — 
| when 
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when the Sun ſhines; and then ſhe affords us an 
opportunity of ſeeing a very agreeable appearance 
wherever we find a globular ſtone above the level 
of the eye, as ſuppoſe on the top of a gate. For 
1f the Sun ſhines on the ſtone, and we place our- 
ſelves ſo as the upper part of the ſtone may juſt 
ſeem to touch the point of the Moon's lowermoſt 
horn, we ſhall then ſee the enlightened part of the 
ſtone. exactly of the fame ſhape with the Moon; 
horned as ſhe is, and inclined the ſame way to 
the Horizon, The realon 1s plain; for the Sun 
enlightens the ſtone the fame way as he does the 
Moon: and both being Globes, when we put our- 
ſelves into the above ſituation, the Moon and 
ſtone have the ſame poſition to our eyes; and 
therefore we muſt ſee as much of the illuminated 
part of the one as of the other. 
259. The poſition of the Moon's Cuſps, or a 
right line touching the points of her horns, is very 
differently inclined to the Horizon at different 
hours of the ſame days of her age. Sometimes 
ſhe ſtands, as it were, upright on her lower horn, 
and then ſuch a line is perpendicular to the Ho- 
rizon; when this happens, ſhe is in what the Aſtro- 
nomers call the Nonageſimal Degree; which is the 
higheſt point of the Ecliptic above the Horizon at 
that time, and is go degrees from both ſides of the 
Horizon where it is then cut by the Ecliptic. But 
this never happens when the Moon is on the Mer;- 
dian, except when ſhe is at the very beginning of 
Cancer or Capricorn. 
260. The inclination of that part of the Ecliptic 


the Ecliptic to the Horizon in which the Moon is at any time 


when horned, may be known by the poſition of 
her horns; for a right line touching their points 
is perpendicular to the Ecliptic. And as the 
angle which the Moon's Orbit makes with the 
Ecliptic can never raiſe her above, nor depreſs her 
below the Ecliptic, more than two minutes of a 


degree, as ſcen from the Sun; it can have no 
f ſenſible 
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| ſenſible effect upon the poſition of her horns. 
Therefore, if a Quadrant be held up, ſo as one 
of its edges may ſeem to touch the Moon's horns, 
the graduated fide being kept toward the eye, 
and as far from the eye as it can be conveniently 


held, the Arc between the Plumb-line and that 


edge of the Quadrant which ſeems to touch the 
Moon's horns will ſhew the inclination of that part 
of the Ecliptic to the Horizon, And the arc be- 
tween the other edge of the Quadrant and Plumb- 
line will ſhew the inclination of a line, touching 
the Moon's horns, to the Horizon. 

261, The Moon generally appears as large as 
the Sun; for the Angle v A, under which the 
Moon is ſeen from the Earth, is the ſame with the 
Angle LEM, under which the Sun is ſeen from it. 
And therefore the Moon may hide the Sun's whole 
Diſc from us, as ſhe ſometimes does in ſolar 
Eclipſes. The reaſon why ſhe does not eclipſe 
the Sun at every Change, ſhall be explained after- 
ward, If the Moon were farther from the Earth, 
as at a, ſhe would never hide the whole of the 
Sun from us; for then ſhe would appear under 
the Angle NEO, eclipſing only that part of the 
Sun which lies between M and O: were ſhe ſtill 
further from the Earth, as at A, ſhe would appear 
under the ſmall angle T&//, like a ſpot on the Sun, 
hiding only the part TH from our ſight. 

262, That the Moon turns round her Axis in 
the time that ſhe goes round her Orbit, is quite 
demonſtrable; for a ſpectator at reſt, without 
the periphery of the Moon's Orbit, would ſee all 
her ſides turned regularly toward him in that 
time. She turns round her Axis from any Star to 
the ſame Star again in 27 days 8 hours; from the 
Sun to the Sun again in 291 days: the former is 
the length of her ſydereal day, and the latter the 
length of her ſolar day. A body moving round 
the Sun would have a ſolar day in every revolution 
without turning on its Axis; the ſame as if it 
10 had 


Fig. . 
Why the 
Moon ap- 
pears as big 
as the Suns 


A proof of 
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Aris. 


Her perio- 
gica) and ſy- 
nodical Re- 


An eaſy Way of repreſenting 


had kept all the while at reſt, and the Sun moved 
round it: but without turning round-its Axis it 
could never have one ſydereal day, becauſe it would 
always keep the ſame fide toward any given Star, 

253. If the Earth had no annual motion, the 
Moon would go round it ſo as to complete a Lu- 


velutien. nation, a ſydereal, and a ſolar day, all in the ſame 


e 


Fami)iarly 
pepreſented, 


A Tadte 
Hewing the 
times that 
the hour 
and minute- 
hands of a 
watch are in 


conjunction. 


time. But becauſe the Earth goes forward in its 
Orbit while the Moon goes round the Earth in 
her Orbit, the Moon muſt go as much more than 
round her Orbit from Change to Change in com. 
pleting a ſolar day, as the Earth has gone for. 
ward in its Orbit during that time, i. e, almoſt z 


twelfth part of a Circle. 


264. The Moon's periodical and ſynodical revo · 
lution may be familiarly repreſented by the mo- 
tions of the hour and minute-hands of a watch 
round its dial- plate, which is divided into 12 equal 
parts or hours, as the Ecliptic is divided into 12 
Signs, and the year into 12 months. Let vs ſup- 
poſe theſe 12 hours to be 12 Signs, the hour-hand 
the Sun, and the minute-hand the Moon ; then 
the former will go round once in a year, and the 
latter once in a month: but the Moon, or minute- 
hand, muſt go more than round from any point 
of che Circle where it was laſt conjoined with, 
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the Sun, or hour-hand, to overtake it again: for 
the hour-hand, being in motion, can never be over- 
taken by the minute-hand at that point from which 
they ſtarted at their laſt conjunction. The firſt 
column of the preceding Table ſhews the number 
of conjunctions which the hour and minute-hand 
make while the hour-hand goes once round the. 
dial- plate; and the other columns ſhew the times 
when the two hands meet at each conjunction. 
Thus, ſuppoſe the two hands to be in conjunction 
at XII, as they always are; then, at the firſt fol- 
lowing conjunction it is 5 minutes 27 ſeconds 16 
thirds 21 fourths 494% fifths paſt I, where they 
meet: at the ſecond conjunction it is 10 minutes 
c4 ſeconds 32 thirds 43 fourths 38; fifths paſt II; 
and ſo on. This, though an eaſy illuſtration of 
the motions of the Sun and Moon, 1s not preciſe 
as to the times of their conjunctions; becauſe, 
while the Sun goes round the Ecliptic, the Moon 
makes 124 conjunctions with him; but the minute- 
hand of a watch or clock makes only 11 conjunc- 
tions with the hour-hand in one period round the 
dial-plate, But if, inftead of the common wheel- 
work at the back of the dial-plate, the Axis of the 
minute-hand had a pinion of 6 leaves turning a 
wheel of 74, and this laſt turning the hour-hand, 
in every revolution it makes round the dial-plate, 
the minute-hand would make 124 conjunctions 
vith it; and ſo would be a pretty device for ſhew- 
ing the motions of the Sun and Moon; eſpecially, 
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deſcribed, 


a the ſloweſt moving hand might have a little Sun i 
axed on its point, and the quickeſt a little Moon, 14 
| T4 
265. If the Earth had no annual motion, the The Mocn's 5 
Moon's motion round the Earth, and her track in motion 55 
0 ſ | * * B throvgh ; 
pen Ipace, would be always the ſame“ . But open ſpace | 


* In this place, we may conſider the Orbits of all the Sa- 
tellites as circular, with reſpe to their primary Planets ; be- 
cauſe the excentricities of their Orbits are too ſmall to effect 
the Phenomena here deſcribed. 
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PLATE 
VII. 


An idea of 
the Earth's 
path, and 

the Moon's. 


* The Moon's Path delineated. 


as the Earth and Moon move round the Sun, the 
Moon's real path in the Heavens is very different 
from her viſible path round the Earth: the latter 
being 1n a progreſſive Circle, and the former in 
a curve of different degrees of concavity, which 
would always be the ſame in the ſame parts of the 
Heavens, if the Moon performed a compleat 
number of Lunations in a year without any 
fraction. | 

266. Let a nail in the end of the axle of a cha- 
riot - wheel repreſent the Earth, and a pin in the 
nave the Moon; if the body of the chariot be 
propped up ſo as to keep that wheel from touch- 
ing the ground, and the wheel be then turned 
round by hand, the pin will deſcribe a Circle both 
round the nail, and in the ſpace it moves through, 
But if the propsbe taken away, the horſes put to, 
and the chariot driven over a piece of ground 
which is circularly convex; the nail in the axle 
will deſcribe a circular curve, and the pin in the 
nave will till deſcribe a circle round the progreſ- 
five nail in the axle, but not in the ſpace through 
which it moves. In this caſe, the curve deſcribed 
by the nail will reſemble in miniature as much of 
the Earth's annual path round the Sun, as it de- 
ſcribes while the Moon goes as often round the 


Earth as the pin does round the nail: and the 


curve deſcribed by the nail will have ſome reſem- 
blance of the Moon's path during ſo many Luna- 
tions. 

Let us now ſuppoſe that the radius of the cir- 


cular curve deſcribed by the nail in the axle is to 


Fig. II. 


the radius of the circle which the pin in the nave 


deſcribes round the axle as 3374 to 1; which is 
the proportion of the radius or ſemi- diameter of the 
Earth's Orbit to that of the Moon's; or of the 
circular curve 41234567 B, &c. to the little 
circle a; and then, while the progreſſive nail de- 
ſcribes the ſaid curve from 4 to E, the pin will go 


once round the nail with regard to the center of 


its 


—__ Mii Mil... * ng _—_ th. a 


The Moon's Path delineated. © 195 


its path, and in ſo doing, will deſcribe the curve PLATE 
abcde. The former will be a true repreſentation . 

of the Earth's path for one Lunation, and the 
latter of the Moon's for that time. Here we may 
ſet aſide the inequalities of the Moon's motion, 
and alſo the Earth's moving round its common 
center of gravity and the Moon's: all which, if 
they were truly copied in this experiment, would 
not ſenſibly alter the figure of the paths deſcribed 
by the nail and pin, even though they ſhould rub 
againſt a plain upright ſurface all the way, and 
leave their tracts viſible upon it. And if the 
chariot was driven forward on ſuch a convex piece 
of ground, ſo as to turn the wheel ſeveral times 
round, the track of the pin in the nave would ſtill 
be concave toward the center of the circular curve 
deſcribed by the pin in the axle; as the Moon's 
path is always concave to the Sun in the center of 
the Earth's annual Orbit. 

In this Diagram, the thickeſt curve-line ABCDE, 
with the numeral figures ſer to it, repreſents as 
much of the Earth's annual Orbit as it deſcribes 
1132 days from weſt to eaſt; the little circles at 
7, %% e, , e, ſhew the Moon's Orbit in due propor- 
tion to the Earth's; and the ſmalleſt curve a bc def 
repreſents the line of the Moon's path in the Hea- 
vens for 32 days, accounted from any particular 
New Moon at 2. The Machine, Fig. 5th, is for 
delineating the Moon's path, and ſhall bedeſcribed, 
vith the reſt of my Aſtronomical machinery, in 
the laſt Chapter. The Sun is ſuppoſed to be in 
the center of the curve 4 12345 67 B, &c. and 
tne ſmall-dotted circles upon it repreſent the Provortion 
oon's Orbit, of which the radius is in the ſame 38. . 
proportion to the Earth's path in this ſcheme, that be ts the 
ine radius of the Moon's Orbit in the Heavens F“ 
bears to the radius of the Earth's annual path 
| round the Sun: that is, as 240,000, to 8 1, 00, ooo“, 

T8 1 00 337 T. 
* For the true diſtances, fee p. 108. 
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PLATE 
VII. 


Fig. II. 


The Moon's 
motion al- 
ways con 
cave toward 
the Su n, 


How her 
Motion is 
alternately 
retarded and 
accelerated. 


The Moon's Path delineated, 


When the Earth is at A, the New Moon is at a; 
and in the ſeven days that the Earth deſcribes the 
curve 1234567, the Moon in accompanying 
the Earth deſcribes the curve 45; and is in her 
firſt quarter at 6 when the Earth is at B. As the 
Earth deſcribes the curve B 89 10 11 12 13 1, 
the Moon deſcribes the curve bc; and is at c, op- 
poſite to the Sun, when the Earth is at C. While 
the Earth deſcribes the curve C 15 16 17 18 1920 
21 22, the Moon deſcribes the curve c4; and is in 
her third Quarter at 4 when the Earth is at D, 


And laſtly, while the Earth deſcribes the curye 


D 23 24 25 26 27 28 29, the Moon deſcribes the 
curve de; and'is again in conjunction at e with the 
Sun when the Earth is at E, between the 29th and 
30th day of the Moon's age, accounted by the nu- 
meral Figures from the New Moon at 4. In de- 


ſcribing the curve a+ c de, the Moon goes round 


the progreſſive Earth as really as if ſhe had keptin 
the dotted Circle A, and the Earth continued im- 
moveable in the center of that Circle. | 
And thus we ſee that, although the Moon poes 
round the Earth in a Circle, with reſpect to the 
Earth's center, her real path in the Heavens 1s not 
very different in appearance from the Earth's path, 
To ſhew that the Moon's path is concave to the 
Sun, even at the time of Change, it is carried on 
a little farther into a ſecond Lunation, as tof. 
267. The Moon's abſolute motion from her 
Change to her firſt Quarter, or from à to 6, is ſo 
much ſlower than the Earth's, that ſhe falls 240 


thouſand miles (equal to the ſemi- diameter of her 


Orbit) behind the Earth at her firſt Quarter in 6, 
when the Earth is at B; that is, ſhe falls back 
ſpace equal to her diſtance from the Earth. From 
that time her motion is gradually accelerated to 
her Oppoſition or Full at c, and then ſhe is come 
up as far as the Earth, having regained what ſhe 
loſt in her firſt Quarter from @ to B. From the 
Full to the laſt Quarter at 4 her motion continues 

5 . accelerated, 


The Moon 's Path delineated. 


iccelerated, ſo as to be juſt as far before the Earth 
at d, as ſhe was behind it at her firſt Quarter in 
3. But from d to e her motion is retarded fo, 
that ſhe loſes as much with reſpect to the Earth as 
is equal to her diſtance from 1t, or to the ſemi- 
diameter of her. Orbit; and by that means ſhe 
comes to e, and is then in conjunction with the Sun 
as ſeen from the Earth at E. Hence we find, that 
the Moon's abſolute Motion is ſlower than the 
Earth's from her third Quarter to her firſt; and 
ſwifter than the AY her firſt Quarter to 
her third: her path being leſs curved than the 
Earth's in the former caſe, and more in the latter. 
Yet it is ſtill bent the ſame way toward the Sun; 
for if we imagine the concavity of the Earth's Or- 
bit to be meaſured by the length of a perpendicular 
line Cg, let down from the Earth's place upon the 
ſtraight line + g d at the Full of the Moon, and 
connecting the places of the Earth at the end of 
the Moon's firſt and third Quarters, that length 
will be about 640 thouſand miles ; and the Moon 
when New only approaching nearer to the Sun by 
240 thouſand miles than the Earth is, the length 
of the perpendicular let down from her place at 
that time upon the ſame ſtraight line, and which 
ſhews the concavity of that part of her path, will 
be about 400 thouſand miles. 


268. The Moon's path being concave to the 
Sun throughout, demonſtrates that her gravity 
toward the Sun, at her Conjunction, exceeds her 
gravity toward the Earth. And if we conſider 
that the quantity of matter in the Sun is almoſt 
230 thouſand times as great as the quantity of 
matter in the Earth, and that the attraction of each 
body diminiſhes as the ſquare of the diſtance from 
It increaſes, we ſhall ſoon find, that the point of 
equal attraction between the Earth and the Sun, 
is about 70 thouſand miles nearer the Earth than 
the Moon is at her Change. It may then appear 
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The Reaſon why the Moon does not 


PLATE ſurpriſing that the Moon does not abandon the 


VII. 


Earth when ſhe is between it and the Sun, becauſe 
ſne is conſiderably more attracted by the Sun than 
by the Earth at that time. But this difficulty 
vaniſhes when we conſider, that a common impulſe 
on any ſyſtem of bodies effects not their relative 
motions; but that they will continue to attract, 
impel, or circulate round one another, in the ſame 
manner as if there was no ſuch impulſe. The 
Moon is ſo near the Earth, and both of them ſo 
far from the Sun, that the attractive power of the 
Sun may be conſidered as equal on both: and 
therefore the Moon will continue to circulate round 
the Earth in the ſame manner as if the Sun did 
not attract them at all. For bodies in the cabin 
of a ſhip, may move round, or impel one another 
in the ſame manner when the ſhip is under fail, 
as when it is at reſt ; becauſe they are all equally 
affected by the common motion of the ſhip, 
If by any other cauſe, ſuch as the near approach 
of a Comet, the' Moon's diſtance from the Earth 
ſhould happen to be ſo much increaſed, that the 
difference of their gravitating forces toward the 
Sun ſhould exceed that of the Moon toward the 
Earth; in that caſe the Moon, when in conjunc- 
tion, would abandon the Earth, and be either 
drawn into the Sun, or Comet, or circulate round 
about it. | 


269. The curves which Jupiter's Satellites de- 
ſcribe, are all of different ſorts from the path de- 
ſcribed by our Moon, although the Satellites go 


round Jupiter as,the Moon goes round the Earth, 


Let A5 CDE, &c. be as much of Jupiter's Orbit 
as he deſcribes in 18 days from A to J; and ite 
curves a, h, c, d, will be the paths of his four Moons 
going round him in his progreflive motion. 


Now let us ſuppoſeall theſe Moons to ſet out from 


a conjunction with the Sun, as ſeen from Jupiter 


7 . 


abandon the Earth at the Time of her Change. 


at A; then, his firſt or neareſt Moon will be art a, 
his ſecond at 5, his third at c, and his fourth at 4. 
At the end of 24 terreſtrial Hours after this con- 
junction, Jupiter has moved to B, his firſt Moon 
or Satellite has deſcribed the curve @ 1, his ſecond 
the curve þ 1, his third c 1, and his fourth 4 1. 
The next day, when Jupiter is at C, his firſt Satel- 
lite has deſcribed the curve 4 2, from its conjunc- 
tion, his ſecond the curve 5 2, his third the curve 
£2, and his fourth the curve 4 2, and ſo on. The 
numeral Figures under the capital letters ſhew 
Jopiter's place in his path every day for 18 days, 
accounted from A to T; and the like Figures ſer 
to the paths of his Satellites, ſhew where they are 
at the like times. The firſt Satellites, almoſt under 
Cy is ſtationary at &, as ſeen from the Sun; and 
retrograde from + to 2: at 2 it appears ſtationary 
again, and thence it moves forward until it has 
paiſed 3, and is twice ſtationary, and once retro- 
grade between 3 and 4. The path of this Satel- 
lite interſects itſelf every 424 hours, making ſuch 
Loops as in the Diagram at 2. 3. 5. 7. 9. 10. 12. 
14. 16. 18, a little after every conjunction. The 
ſecond Satellite , moving ſlower, barely croſſes its 
path every 3 days 13 hours; as at 4. 7. 11. 14. 18, 
making only 5 Loops and as many conjunctions in 
the time that the firſt makes ten. The third Sa- 
tellite c moving ſtill lower, and having deſcribed 
the curve c 1. 2. 3. 4. 5. 6. 7, comes to an angle 
at 7, in conjunction with the Sun, at the end of 7 
days four hours; and ſo goes on to deſcribe ſuch 
another curve 7. 8. 9. 10. 11. 12. 13. 14, and is 
at 14 in its next conjunction. The fourth Satel- 
lie d is always progreſſive, making neither Loops 
nor Angles in the Heavens; but comes to its next 
conjunction at e between the numeral figures 16 
and 17, or in 16 days 18 hours. In order to have 
8 tolerably good figure of the paths of theſe Sa- 
tellites, J rook the following method. 

Ca Having 
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PLATE 
VII. 
Fig. IV. 


How to de- 
hineate the 
paths of Ju- 
piter's 
Moons. 


The Reaſon why the Moon does not, &c. 


| Having drawn their Orbits on a Card, in pro- 
portion to their relative diſtances from Jupiter,! 
meaſured the radius of the Orbit of the fourth 
Satellite, which was an inch and , parts of an 
inch; then multiplied this by 424 for the radius 
of Jupiter's Orbit, becauſe Jupiter is 424 times az 
far from the Sun's center as his fourth Satellite i; 
from his center; and the product thence ariſing 
was 483 r inches. Then taking a ſmall cordof 
this length, and fixing one end of it to the floor 


of a long room by a nail, with a black-lead pencil 


at the other end I drew the curve A BCD, &c. and 
ſet off a degree and half thereon, from A to T; 
becauſe Jupicer moves only ſo much, while his 
outermoſt Satellite goes once round him, and 


ſomewhat more; ſo that this ſmall portion of ſo 


large a circle differs but very little from a ſtraight 
line. This done, I divided the ſpace AT into 18 
equal parts, as AB, BC, &c. for the daily pro- 
greſs of Jupiter; and each part into 24 for his 
hourly progreſs. The Orbit of each Satellite was 
alſo divided into as many equal parts as the Satel. 
lite is hours in finiſhing its ſynodical period round 
Jupiter. Then drawing a right line through the 
center of the Card, as a diameter to all the four 
Orbits upon it, 1 put the Card upon the line of 
Jupiter's motion, and transferred it to every horaty 
diviſion thereon, keeping always the ſame diameter- 
line on the line of Jupiter's path; and running a 
pin through each horary diviſion in the Orbit of 
each Satellite as the Card was gradually transferred 
along the line ABCD, &c. of Jupiter's motion, | 
marked points for every hour through the Car 
for the curves deſcribed by the Satellites, as the 
primary Planet in the center of the Card was cat. 
ried forward on the line; and ſo finiſhed the 
Figure, by drawing the lines of each Satellite“ 
motion through thole (almoſt innumerable)points: 
by which means, this is, perhaps, as true a F1gv!* 


of the paths of theſe Satellites as can be * 
a 


The Paths of Jupiter's Moons delineated. 


And in the ſame manner might thoſe of Saturn's 
Satellites be delineated. 

270. It appears by the ſcheme, that the three 
fr Satellites come almoſt into the ſame line of 
poſition every ſeventh day; the firſt being only a 
litcle behind with the ſecond, and the ſecond be- 
hind with the third. But the period of the fourth 
Satellite is ſo incommenſurate to the periods of 
the other three, that it cannot be gueſſed at by 
the diagram when it would fall again into a line 
of conjunction with them between Jupiter and 
the Sun. And no wonder; for ſuppoſing them all 
to have been once in conjunction, it will require 
35087, 043, 493, 260 years to bring them in con- 
junction again. See 8 73. 

271. In Fig. 4th, we have the proportions of 
the Orbits of Saturn's five Satellites, and of Ju- 
piter's four, to one another, to our Moon's Orbit, 
and to the Diſc of the Sun. S is the Sun; Mm 
the Moon's Orbit (the Earth ſuppoſed to be at E); 
7 Jupiter; 1. 2. 3. 4, the Orbits of his four 
Moons or Satellites; Sat. Saturn; and 1. 2. 3. 4. 5, 
the Orbits of his five Moons. Hence it appears, 
that the Sun would much more than fill the whole 
Orbit of the Moon; for the Sun's diameter is 
763,000 miles, and the diameter of the Moon's 
Orbit only 480,000. In proportion to all theſe 
Orbits of the Satellites, the radius of Saturn's 
annual Orbit would be 21+ yards, of Jupiter's 
Orbit 114, and of the Earth's 22, taking them in 
round numbers. | 

272, The annexed Table ſhews at once what 
proportion the Orbits, Revolutions, and Veloci- 


ties of all the Satelites bear to thoſe of their 


primary Planets, and what fort of curves the ſeveral 
Satellites deſcribe. For thoſe Satellites, whoſe ve- 


locities round their Primaries are greater than the 


velocities of their Primaries in open ſpace, make 
Loops at their conjunctions, & 269; appearing re- 
trograde as (een from the Sun while they deſcribe 
the 
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The Curves deſcribed by the ſecondary Planets. 
the inferior parts of their Orbits, and direct while 


they deſcribe the ſuperior. This is the caſe with 


Jupiter's firſt and ſecond Satellites, and with 82. 
turn's firſt, But thoſe Satellites, whoſe velocitic; 


are leſs than the velocities of their primary Planets, 
move direct in their whole circumvolutions; which 


is the caſe of the third and fourth Satellites of ju. 


piter, and of the ſecond, third, fourth, and fifth 


Satellites of Saturn, as well as of our Satellite the 
Moon: but the Moon is the only Satellite whoſe 
motion is always concave to the Sun. There is; 


proportion of the Proportion of the TREES a of the Ve- 
Radius ofthe Pla- Time of the Pla- locity of each 83. 
net's Orbit to the jnet's Revolution to |:ellite to the Velo- 
Radius of theOrbit |the Revolution of fcity of its primary 
of each Satellite. [each Satellite, Planet. 
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table of this Sort in De la Caille's Aſtronomy, but 
it is very different from the above, which J have 
computed from our Engliſh accounts of the periods 
and diſtances of theſe Planets and Satellites, 


CHAP. 


Of the Harveſt- Moon. 


CH ATP. £'* 


The Phenomena of the Harveſt-Moon explained by a 
common Globe. The Years in which the Harveſt- 
Moons are leaſt and moſt beneficial from 1751 10 
1861. The long Duration of Moon-light at the 
Poles in Winter. | | 


273. F is generally believed that the Moon riſes 

about 50 minutes later every day than on 
the preceding; but this is true only with regard to 
places on the Equator. . In places of conſiderable 
Latitude there is a remarkable difference, eſpecially 
in the harveſt- time, with which farmers were better 
acquainted than Aſtronomers till of late; and 
grate fully aſcribed the early riſing of the Full Moon 
at that time of the year to the goodneſs of God, 
not doubting that he had ordered it ſo on purpoſe 
to give them an immediate ſupply of moon- light 
after ſun-ſer for their greater conveniency in reap- 
Ing the fruits of the Earth. 

In this inſtance of the Harveſt-Moon, as in many 
others diſcoverable by Aſtronomy, the wiſdom and 
beneficence of the Deity is conſpicuous, who really 
ordered the courſe of the Moon fo, as to beſtow 
more or leſs light on all parts of the Earth as their 
ſeveral circumſtances and ſeaſons render it more 
or leſs ſerviceable. About the Equator, where" 
there is no variety of ſeaſons, and the weather 
changes ſeldom, and at ſtated times, Moon-light 


No Harveſt. 
Moon at the 
Equator . 


Is noc neceſſary for gathering in the produce of 


the ground; and there the Moon riſes about 50 
minutes later every day or night than on the for- 


mer. In conſiderable diſtances from the Equator, 


Where the weather and ſeaſous are more uncertain, 
the autumnal Full Moons rite very ſoon after ſun- 
| . ſet 
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But re- 


according to 
the diſtances 
of places 

from it. 


markable 
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ſet for ſeveral evenings together. At the poly 
circles, where the mild ſeaſon is of very ſhort du. 
ration, the autumnal Full Moon riſes at ſun-ſe 
from the firſt to the third quarter. And at the 
Poles, where the Sun is for half a year abſent, the 
winter Full Moons ſhine conſtantly without ſetting 
from the firſt ro the third quarter. 

It is ſoon ſaid that all theſe Phenomena are oy. 
ing to the different Angles made by the Horizon 
and different parts of the Moon's Orbit; and that 
the Moon can be full but once or twice in a year 
in thoſe parts of her Orbit which riſe with the leaf 
Ahgles. But to explain this ſubject intelligibly, 
we muſt dwell much longer upon it. 

274. The“ plane of the Equinoctial is perpen- 
dicular to the Earth's Axis; and therefore, as the 


_ Earth turns round its Axis, all parts of the Equi. 


noctial make equal angles with the Horizon both 
at riſing and ſetting; ſo that equal portions of it 
always riſe or ſet in equal times. Conſequently, if 
the Moon's motion were equable, and in the Equi. 
noctial, at the rate of 12 degrees 11 min. from the 
Sun every day, as it is in her Orbit, ſhe would 
rife and ſet 5o minutes later every day than on the 
preceding; for 12 deg. 11 min. of the EquinoQial 
riſe or ſet in 30 minutes of time in all Latitudes. 
275. But the Moon's motion is ſo nearly in the 
Ecliptic, that we may conſider her at preſent as 
moving in it. Now the different parts of the 
Ecliptic, on account of its obliquity to the Earth's 
Axis, make very different angles with the Hori- 
2on as they riſe or ſet. Thoſe parts or Signs which 
riſe with the ſmalleſt angles ſet with the greateſt, 
and vice verſa, In equal times, whenever this 
Angle is leaſt, a greater portion of the Ecliptic 
riſes than when the Angle is larger; as may be 
ſeen by elevating the pole of a Globe to any con- 


* If a Globe be cut quite through upon any Circle, the 
flat ſurface where it is ſo divided is the plane of that Circle. 
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fiderable Latitude, and then turning it round its PLATE 
Axis, Conſequently, when the Moon is in thoſe 1 
Signs which riſe or ſer with the ſmalleſt Angles, 
he riſes or ſets with the leaſt difference of time; 
and with the greateſt difference in thoſe Signs Fig. in. 
which riſe or ſet with the greateſt Angles. 

But, becauſe all who read this Treatiſe may not 
de provided with Globes, though in this caſe it 1s 
requiſite to know how to ule them, we ſhall ſub- 
ſtitute the Figure of a globe; in which FU is 
the Axis, 2 TR the Tropic of Cancer, L 7 vp 
the Tropic of Capricorn, E U the Ecliptic 
touching both the Tropics, which are 47 degrees 
from each other, and AB the Horizon. The 
Equator, being in the middle between the Tro- 
pies, is cut by the Ecliptic in two oppoſite points, 
which are the beginnings of Aries and & Libra. 
Kis the Hour- circle with its Index, F the North 
Pole of the Globe elevated to a conſiderable Lati- 
tude, ſuppoſe 40 degrees above the Horizon; and 
P the South Pole depreſſed as much below it. Fis. Ul. 
Becauſe of the oblique poſition of the Sphere in 
this Latitude, the Ecliptic has the high elevation The — 
Ns above the Horizon, making the Angle ſue bythe 
Ms of 73+ degrees with it when es Cancer is Ecliptic and 
on the Meridian, at which time < Libra riſes in 
the Eaſt, But let the Globe be turned half round 
its Axis, till yy Capricorn comes to the Meridian 
and ꝙ Aries riſes in the Eaſt, and then the Eclip- 
tic will have the low elevation NL above the 
Horizon, making only an Angle NUL of 262 
degrees with it; which is 47 degrees leſs than the 
former Angle, equal to the diſtance between the 
Tropics, i | 

276. In northern Latitudes, the ſmalleſt Angle Left and 
made by the Ecliptic and Horizon is when Aries bes. 
ſes, at which time Libra ſets; the greateſt when 
Libra riſes, at which time Aries ſets. From the 
ling of Aries to the riſing of Libra (which is 
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twelve * Sydereal hours) the angle increaſes; and 


from the riſing of Libra to the riſing of Aries i 
decreaſes in the ſame proportion. By this article 
and the preceding it appears that the Ecliptic riſes 
faſteſt about Aries, and ſloweſt about Libra. 
277. On, the parallel of London, as much gf 


the Ecliptic riſes about 175 | 
Pifces and Aries in two & 2 bo Dis” D 
hours as the Moon goes 5 5 a ——|—— 
through in ſix days: and.. H. . H. M. 
therefore while the Moon 1 13] 1 50 55 
is in theſe Signs, ſhe dif- 2] 26 1 10 0 43 
fers but two hours in riſ- N 10% 1 140 5 
ing for ſix days together; ol my "I 1 1 
that is, about 20 minutes | 5 190 1 15 0 2 
later every day or night | 7 2 1 15] o 20 
than on the preceding, at s xt : . 
a mean rate. But in four- | 2 m 121 — g 1 
teen days afterward, the 1 25 I 14 © 30 
Moon comes to Virgo ir: 1 13 y 
and Libra, which are the 13, 27} 1 101 © 1 
oppoſite Signs to Piſces N * 4 45 : 1 
and Aries; and then ſhe e 1 o 40 1 8 
differs almoſt four times |'7] 14] © 35j 1 12 
as much in riſing; name- ” - = n — x 
ly, one hour and about — 23 © 2 1. of 
fifteen minutes laterevery 21] 7] o 17] 1 16 
day or night than the 22 20] 0 17} 1 . 
former, while ſhe is in 23358 3] 2 200 1 5 
. 244 1660 24] 1 13 
theſe Signs. The an- 3 29) o 30 1 14 
nexed Table ſhews the z6 n 13] o 40 1 13 
daily mean difference of 27 20] © — a 4 
the Moon's rifing and . 


ſetting on the Parallel of London, for 28 days; 


* The Ecliptic, together with the fixed Stars, make 360; 
apparent diornal revolutions about the Earth in a year; the 
Sun only 365. The-efore the Stars gain 3 minutes 56 fe— 
conds upon the Sun every Nay; fo that a Sydereal day con- 
tains only 23 hours 56 minutes of meat Solar time; and a h. 
tural or Soler day 24 huurs. Hence 1 Sydereal hours are one 


minute 58 ſeconds ſhorter than 12 Solar hours. : 
1 
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-1 which time the Moon finiſhes her period PL 


-ound the Ecliptic, and gets 9 degrees into 
the ſame Sign from the beginning of which 
ne ſet out. So it appears by the Table, that 
when the Moon is in m and & ſhe riſes an hour 
and a quarter later every day than ſhe roſe on 
the former; and differs only 28, 24, 20, 18, or 
17 minutes in ſetting. But, when ſhe comes 
to & and Y, ſhe is only 20 or 17 minutes later 
in riſing; and an hour and a quarter later in 
ſetting. : E 

278. All theſe things will be made plain by 
putting ſmall patches on the Ecliptic of a Globe, 
25 far from one another as the Moon moves from 
any point of the celeſtial Ecliptic in 24 hours, 
which at a mean rate is“ 13% degrees; and then in 
turning the Globe round, obſerve the riſing and 
ſetting of the patches in the Horizon, as the Index 
points out the different times in the hour-circle. 
A few of theſe patches are repreſented by dots at 
012 3, &c. on the Ecliptic, which has the poſi- 
tion LUT when Aries rifes in the Eaſt; and by 
the dots © 1 2 3, &c. when Libra rites in the Eaſt, 
at which time the Ecliptic has the poſition EU: 
making an angle of 62 degrees with the Horizon 
in the latter caſe, and an angle of no more than 
15 degrees with it in the former; ſuppoling the 
Globe rectified to the Latitude of London, 

279. Having rectified the Globe, turn it until 
the patch at o, about the beginning of & Piſces in 
the half LV of the Ecliptic, comes to the Eaſtern 
lide of the Horizon; and then keeping the ball 
ſteady, ſer the hour-index to XII, becauſe that 
hour may perhaps be more eaſily remembered than 
any other, Then turn the Globe round Weſt- 


* . . . - 
The Sun advances almoſt a degree in the Ecliptic in 24 
_ the ſame way that the Moon moves; and there fore the 
oon by advancing 13% degrees in that time goes little more 


= l2 degrees farther from the Sun than ſhe was on the day 
elore, : ; | 
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ward, and in that time, ſuppoſe the patch o to 
have moved thence to 1, 135 degrees, while the 
Earth turns once round its Axis, and you will ſee 
that 1 riſes only about 20 minutes later than o did 
on the day before. Turn the Globe round again, 
and in that time ſuppoſe the ſame patch to have 
moved from 1 to 2; and it will riſe only 20 minutes 
later by. the hour-index than it did at 1 on the 
day or turn before. At the end of the next turn 
ſuppoſe the patch to have gone from 2 to at U 
and it will riſe 20 minutes later than it did at 2. 
And ſo on for {ix turns, in which time there will 
ſcarce be two hours difference ; nor would there 
have been ſo much, if the 6 degrees of the Sun's 
motion in that time had been allowed for, At 
the firſt turn the patch riſes South of the Eaſt, 
at the middle turn due Eaſt, and at the laſt turn 
North of the Eaſt. But theſe patches will be g 
hours in ſetting on the Weſtern fide of the Hori 
zon, which ſhews that the Moon's ſetting will be 
ſo much retarded in that week in which ſhe moves 
through theſe two Signs. The cauſe of this dif- 
ference is evident; for Piſces and Aries make only 
an Angle of 15 degrees with the Horizon when 
they riſe; but they make an Angle of 62 degrees 
with it when they ſet. As the Signs Taurus, Ge. 
mini, Cancer, Leo, Virgo, and Libra, riſe ſuc- 
ceſſively, the Angle increafes gradually which they 
make with the Horizon, and decreaſes in the ſame 
2 as they ſet. And for that reaſon, the 
oon differs gradually more in the time of her 
riſing every day while ſhe is in theſe Signs, and 
leſs in her ſetting: after which, through the other 
ſix Signs, viz. Scorpio, Sagitrary, Capricorn, 
Aquarius, Piſces, and Aries, the riſing difference 
becomes leſs every day, until it be at the leaſt of 
all, namely, in Piſces and Aries. ; 
280. The Moon goes round the Ecliptic in 27 
days 8 hours: but not from Change to Change in 


leſs than 29 days 12 hours: ſo that ſhe is in 3 
an 
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and Aries at leaſt once in every Lunation, and in 
ſome Lunations twice. 5 | 
281, If the Earth had no annual motion, the 
Sun would never appear to ſhift his place in the 
Ecliptic. And then every New Moon would fall 
in the ſame ſign and degree of the Ecliptic, and 
every Full Moon in the oppoſite; for the Moon 
would go preciſely round the Ecliptic from Change 
to Change. So that if the Moon were once Full 
in Piſces or Aries, ſne would always be Full when 
ſhe came round to the ſame Sign and Degree 
again, And as the Full Moon riſes at Sun-ſet 
(becauſe when any point of the Ecliptic ſets, the 
oppoſite point riſes) ſhe would conſtantly riſe with- 
in two hours of Sun-ſet, on the parallel of London, 
during the week in which ſhe were Full. But in 
the time that the Moon goes round the Eoliptic 
from any eonj unction or oppoſition, the Earth goes 
almoſt a Sign forward: and therefore the Sun will 
ſeem to go as far forward in that time, namely, 
27: degrees; ſo that the Moon muſt go 274 de- 
grees more than round, and as much farther as the 
Sun advances in that interval, which is 24% de- 
grees, before ſhe can be in conjunction with, or 
oppoſite to the Sun again. Hence it is evident, 
that there can be but one conjunction or oppoſition 
of the Sun and Moon in a year in any particular 
part of the Ecliptic, .. This may be familiarly ex- 
emplified by the hour and minute-hands of a 
watch, which are never in conjunction or oppoſition 
in that part of the dial-plate where they were ſo 
laſt before. And indeed if we compare the twelve 
hours on the dial-plate to the twelve ſigns of the 
Ecliptic, the hour-hand to the Sun, and the 
minute-hand to the Moon, we ſhall have a tolera- 
bly near reſemblance in miniature to the motions 
of our great celeſtial Luminaries. The only dif- 
ference is, that while the Sun goes once round the 
Fcliptic, che Moon makes 125 conjunctions with 
lian: but while the hour- hand goes round the 
P dial- 
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dial-plate, the minute-hand makes only 11 con. 
junctions with it; becauſe the minute- hand moves 
lower 1n reſpect to the hour-hand than the Moon 
does with regard to the Sun. 
The Harveſt 282. As the Moon can never be full but when 
and Mon. the is oppoſite to the Sun, and the Sun is never 
in Virgo and Libra but in our autumnal months, 
it is plain that the Moon is never full in the oppo. 
ſite Signs, Piſces and Aries, but in theſe two 
months. And therefore we can have only two 
Full Moons in the year, which riſe ſo near the 
time of Sun-ſet for a week together, as above. 
mentioned. The former of theſe is called the 
Harveſt- Moon, and the latter the Hunter's Moon. 
' Why the 283. Here it will probably be aſked, why we 
Neon ge never obſerve this remarkable riſing of the Moon 
1 — but in harveſt, ſeeing ſhe is in Piſces and Arie 
ceived bu twelve times in the year beſides; and muſt then 
riſe with as little difference of time as in harveſt? 
The anſwer is plain: for in winter theſe Signs riſe 
at noon; and being then only a Quarter of a Circle 
diſtant from the Sun, the Moon in them is in her 
firſt Quarter: but when the Sun 1s above the 
Horizon, the Moon's riſing is neither regarded 
nor perceived. In ſpring theſe Signs riſe with the 
Sun, becauſe he is then in them; and as the Moon 
I changeth in them at that time of the year, ſhe 
111 quite inviſible, In ſummer they riſe about mid. 
night, and the Sun being then three Signs, 0r 1 
Quarter of a Circle before them, the Moon is 11 
them about her third Quarter; when riſing lo late, 
and giving but very little light, her riſing paſſes 
dnobſerved. And in autumn theſe Signs, being 
oppoſite to the Sun, riſe when he ſets, with th: 
Moon in Oppoſition, or at the Full, which make 
her riſing very conſpicuous. | 


——_— _ 
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284. At the Equator, the North and Souti 
Poles lie in the Horizon; and therefore the Eclip 


tic makes the ſame Angle ſouthward with the Ho- 
rizon 
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rizon when Aries riſes, as it does northward when 
Libra riſes. Conſequently, as the Moon at all the 


ſore-· mentioned patches riſes and ſets nearly at equal 


Angles with the Horizon all the year round, and 
about 50 minutes later every day or night than 
on the preceding, there can be no particular Har- 
veſt-Moon at the Equator. 

285. The farther that any place is from the 
Equator, if it be not beyond the Polar Circle, the 
Anglegradually diminiſhes which the Ecliptic and 
Horizon make when Piſces and Aries riſe: and 
therefore when the Moon is in theſe Signs ſhe riſes 
with a nearly proportionable difference later every 
day than on the former; and 1s for that reaſon the 
more remarkable about the Full, until we come to 
the Polar Circles, or 66 degrees from the Equa- 
tor; in which Latitude the Ecliptic and Horizon 
become coincident every day for a moment, at the 
ſame ſydereal hour (or 3 minutes 56 ſeconds 
ſooner every day than the former), and the very 
next moment one half of the Ecliptic containing 
Capricorn, Aquarius, Piſces, Aries, Taurus, and 
Gemini, riſes, and the oppoſite half ſets. There- 
fore, while the Moon is going from the beginning 
of Capricorn to the beginning of Cancer, which 
s almoſt 14 days, ſhe riſes at the ſame ſydereal 
hour; and in autumn juſt at Sun-ſet, becauſe all 
the half of the Ecliptic, in which the Sun is ar 
that time, ſets at the ſame ſydereal hour, and the 
oppoſite half riſes; that is, 3 minutes 56 ſeconds, 
of mean ſolar time, ſooner every day than on the 
day before. So while the Moon is going from 
Capricorn to Cancer, ſhe riſes earlier every day 


| than on the preceding; contrary to what ſhe does 


it all places between the Polar Circles. But dur- 
ing the above fourteen days, the Moon is 24 
iydereal hours later in ſetting; for the ſix Signs 
ich riſe all at once on the eaſtern ſide of the 


oon are 24 hours in ſetting on the weſtern ſide 


of it; as any one may ſee by making chalk-marks 
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at the beginning of Capricorn and of Cancer, and 
then, having elevated the Pole 66 degrees, turn 
the Globe ſlowly round its Axis, and obſerve the 
riſing and ſetting of the Ecliptic. As the begin. 


ning of Aries is equally diſtant from the beginning 


The Har- 

veſt-Moons 
regular on 
both tides of 
the Equator. 


of Cancer and of Capricorn, it is in the middle 
of that half of the Ecliptic which riſes all at once, 
And when the Sun is at the beginning of Libra, 
he is in the middle of the other half. Therefore, 
when the Sun is in Libra, and the Moon in Capri. 
corn, the Moon is a Quarter of a Circle before the 
Sun; oppoſite to him, and conſequently full in 
Aries, and a Quarter of a Circle behind him, when 
in Cancer. But when Libra riſes, Aries ſets, and 
all that half of the Ecliptic of which Aries is the 
middle, and therefore, at that time of the year,the 
Moon riſes at Sun-ſet from her firſt to her third 
Quarter. | DE, | 

286. In northern Latitudes, the autumnal Full 
Moons are in Piſces and Aries; and the vernal 
Full Moons in Virgo and Libra: in ſouthern La. 
titudes, juſt the reverſe, becauſe the ſeaſons are 
contrary. But Virgo and Libra riſe at as ſmall 
Angles with the Horizon in ſouthern Latitudes, 
as Piſces and Aries do in the northern; and there- 

' fore the Harveſt-Moons are juſt as regular on one 
ſide of the Equator as on the other. 

287. As theſe Signs, which riſe with the leaſt 
Angles, ſet with the greateſt, the vernal Full 
Moons differ as much in their times of riſing every 
night, as the autumnal Full Moons differ in theit 
times of ſetting ; and ſet with as little difference 
as the autumnal Full Moons riſe: the one being 
in all caſes the reverſe of the other. 

288. Hitherto, for the ſake of plainneſs, ve 
have ſuppoſed the Moon to move in the Ecliptic, 
from which the Sun never deviates. But the 


- Orbit in which the Moon really moves is different 


from the Ecliptic: one half being elevated 5 de- 
grees above it, and the other half as much de. 


preſſed 
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preſſed below it. The Moon's Orbit therefore 
jaterſects the Ecliptic in two points diametrically 
oppoſite to each other; and theſe interſections are 
called the Moon's Nodes. So the Moon can never 
be in the Ecliptic but when ſhe is in either of her 
Nodes, which is at leaſt twice in every courſe from 
Change to Change, and ſometimes thric?? For, 
as the Moon goes almoſt a whole Sign more than 
round her Orbit from Change to Change; if ſhe 
paſſes by either Node about the time of Change, 


ſhe will paſs by the other in about fourteen days 


after, and come round to the former Node two 
days again before the next Change. That Node 


from which the Moon begins to aſcend northward, 


or above the Ecliptic, in northern latitudes, is 
called the Aſcending Node; and the other the De- 
ſeending Node, becauſe the Moon, when ſhe paſſes 
by it, deſcends below the Ecliptic ſouthward. 

289. The Moon's oblique motion with regard 
tothe Ecliptic cauſes ſome difference in the tynes 
of her riſing and ſetting from what is already men- 
tioned, For when ſhe is northward of the Eclip- 
tic, ſhe rifes ſooner and ſets later than if ſhe moved 
in the Ecliptic; and when ſhe is ſouthward of the 
Ecliptic, ſhe riſes later and ſets ſooner. This dif- 
ference is variable, even in the ſame Signs, becauſe 
the Nodes ſhift backward about 19% degrees in 
the Ecliptic every year; and ſo go round it con- 
trary to the order of Signs 1in.18 years 225 days. 

290. When the aſcending Node is in Aries, the 
louthern half of the Moon's Orbit makes an Angle 
of 53 degrees leſs with the Horizon than the 
Ecliptic does, when Aries riſes in northern Lati- 
tudes : for which reaſon the Moon riſes with leſs 
difference of time while ſhe is in Piſces and Aries, 
than ſhe would do if ſhe kept in the Ecliptic. 
But In g years and 112 days afterward, the De- 
cending Node comes to Aries; and then the 
Moon's Orbit makes an Angle 5 degrees greater 
*Ith the Horizon when Aries riſes, than the 
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Ecliptic does at that time; which cauſes the Moon 
to riſe with greater difference of time in Piſces and 
Aries than if ſhe moved in the Ecliptic. | 
291 To be a little more particular; when the 
Aſcending Node is in Aries, the Angle is only 
95 degrees on the parallel of London when Aries 
riſes. But when the Deſcending Node comes to 
Aries, the Angle is 205 degrees; this occaſions as 
great a difference of the Moon's riſing in the ſame 
Signs every 9 years, as there would be on two pa- 
rallels 104 degrees from one another, if the 
Moon's courſe were in the Ecliptic. The follow. 
ing Table ſhews how much the Obliquity of the 
Moon's Orbit affects her riling and ſetting on the 
parallel of London, from the 12th to the 18th day 
of her age; ſuppoling her to be full at the au- 
tumnal Equinox: and then, either 1n the Aſcend. 
ing Node, higheſt part of her Orbit, Deſcending 
Node, or loweſt part of her Orbit. M ſignifies 
morning, A afternoon: and the line at the foot of 
the Table ſhews a week's difference in riſing and 
ſetting. | 


Z Full in her Al-|in the higheli|Full io her De-|ln the Jowet 
S ſcending Node. pt. of her Orbit.|ſcending Node. ſpt. ofher Orbit. 
8. . 1 
* Riſes at Sets at Riſes at Sets at Riſes ai Sets at Riſes ai Set a, 
H. MH. M.|H. M. H. M. ti. M. HH. M. H. NI. fi. M. 
12 5 A15 320 44 300 3 M15 4432] 3 M40 5416, zMo 
11365 324 71914 45 $4 2 of 4 15 
14 | 5 480 5 300 5 15]6 of 5 45/5 40/6 20 5 2% 
5 0 5 42 7 200 6 156 5616 45 6 327 
166 20/8 15 65 268 350 6 4668 0% B87 4 
176 369 126 2609 45] 7 189 15] 7 3009 1 
186 5410 307 ollo 48 io 207 52/io0 © 
Diff iz gf 7., 10! 2 30] 7 25 3 28] 6 400 2 3607 09 


This Table was not computed, bur only elti- 
mated as near as could be done from a common 
Globe, on which the Moon's Orbit was delineated 
with a black-lead pencil. It may at firſt ſight ap" 

1 | Pe 
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pear erroneous; ſince as we have ſuppoſed the 
Moon to be full in either Node at the autumnal 
Equinox, ſne ought by the Table to riſe juſt at ſix 
o'clock, or at Sun- ſet, on the 15th day of her age; 
being in the Ecliptic at that time. But it muſt be 
conſidered, that the Moon 1s only 143 days old 
when ſhe is Full; and therefore in both caſes ſhe 
is a little paſt the Node on the 15th day, being 
above it at one time, and below ic at the other. 

292. As there is a compleat revolution of the 
Nodes in 184 years, there mult be a regular period 
of all: the varieties which can happen in the riſing 
and ſerting of the Moon during that time. But The period 
this ſhifting of the Nodes never affects the Moon's % ih: Har- 
riſing ſo much, even in her quickeſt deſcending 
Latitude, as not to allow us ſtill the benefit of her 
riſing nearer the time of Sun-ſet for a few days to- 
gether about the Full in Harveſt, than when ſhe 
is Full at any other time of the year. The follow- 
ing Table ſhews in what years the Harveſt- Moons 
are leaſt beneficial as to the times of their riſing, 
and in what years moſt, from 1751 to 1861, The 
column of years under the letter L are thoſe in 
which the Harveſt- Moons are leaſt of all beneficial, 
becauſe they fall about the Deſcending Node: and 
thole under M are the moſt of all beneficial, be- 
cauſe they fall about the Aſcending Node. In all 
tie columns from N to S the Harveſt-Moons de- 
ſcend gradually in the Lunar Orbit, and riſe to leſs 
teights above the Horizon. From S to N they aſ- 
cend in the ſame proportion, and riſe to greater 
heights above the Horizon. In both the Columns 
under &, the Harveſt-Moons are in the lowelt parc 
of the Moon's Orbit, that is, fartheſt South of the 
Ecliptic; and therefore ſtay ſhorteſt of all above 
the Horizon: un the Columns under NM, juſt the re- 
verle. And in both caſes, their riſings, though not 
at the ſame times, are nearly th- ſame with regard 
to difference of time, as if the Moon's Orbit were 
colncident with the Ecliptic. 
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Years in which the Harveſt-Moons are leaſt beneficial, 1 
N L | _ 

1751 1752 1753 1754 1755 1756 1757 1758 175 
1770 1771 1772 1773 1774 1775 1776 1777 1 3 
1788 1789 1790 1791 1792 1793 1794 1795 1796 well 
1807 1808 1809 1810 1811 1812 1813 1814 181g: ũ% 
1826 1827 1828 1829 1830 1831 1832 1833 1834 
1844 1845 1846 1847 1848 1849 1850 1851 1852 "I 
p Years in which they are moſt beneficial. * 1" 
8 M NE 
1760 1761 1762 1763 1764 1765 1766 1767 1768 1 76g | 
1779 1780 1781 1782 1783 1784 1785 1786 1787 
1798 1799 1800 1801 1802 1803 1804 1805 18665 
1816 1817 1818 1819 1820 1821 1822 1823 1824 1925 
1835 1836 1837 1838 1839 1840 1841 1842 18433 
1853 1854 1855 1856 1857 1858 1859 1860 1861 4 


293. At the Polar Circles, when the Sun touch 
the Summer Tropic, he continues 24 hours ab 
the Horizon; and 24 hours below it when he® 
touches the Winter Tropic. For the ſame realog*t 
the Full Moon neither riſes in Summer, nor ſe 
in Winter, conſidering her as moving in the Ed 
tic, For the Winter Full Moon being as high 
the Ecliptic as the Summer Sun, muſt therefore 

continue as long above the Horizon; and the 
Summer Full Moon being as low in the Ecliptig? 
as the Winter Sun, can no more riſe than he does 
But theſe are only the two Full Moons which haps 
pen about the Tropics, for all the others riſe and! 
ſet. In Summer the Full Moons are low, and thei 
ſtay is ſhort above the Horizon, when the nightsanl 
ſhort, and we have leaſt occaſion for Moon-lighti 
in Winter they go high, and ſtay long above u 
Horizon, when the nights are long, and we wank 
| the greateſt quantity of Moonlight. q 
The long 294. At the Poles, one half of the Eclipugl 
| of Moon. never ſets, and the other half never riſes : and 
Fiel therefore, as the Sun is always half a year in de 
| ſcribing one half of the Ecliptic, and as long i 
going through the other halt, it is natural to ic 
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gine that the Sun continues half a year together « 
above the Horizon of each Pole 1n its turn, and 
as long below it; riſing to one Pole when he ſets 
to the other. This would be exactly the caſe if 
there were no refraction: but by the Atmoſphere's 
. refrating the Sun's rays, he becomes viſible ſome 
days ſooner, $ 183, and continues ſome days 
longer in ſight than he would otherwiſe do: ſo that 
he appears above the Horizon of either Pole be- 
fore he has got below the Horizon of the other. 
And, as he never goes more than 234 degrees be- 
low the Horizon of the Poles, they have very 
little dark night, it being twilight there, as well as 
at all other places, till the Sun be 18 degrees below 
the Horizon, § 177. The Full Moon being al- 
ways oppoſite to the Sun, can never be ſeen while 
the Sun is above the Horizon, except when the 
Moon falls in the northern half of her Orbit; for 
whenever any point of the Ecliptic riſes, the op- 
polite point ſets. Therefore, as the Sun is above 
the Horizon of the north Pole from the 20th of 
March till the 23d of September, it is plain that the 
Moon, when Full, being oppoſite to the Sun, muſt 
be below the Horizon during that half of the year. 
But when the Sun is in the ſouthern half of the 
Ecliptic, he never riſes to the north Pole, during 
which half of the year, every Full Moon happens 
in ſome part of the northern half of the Ecliptic, 
which never ſets. Conſequently, as the polar In- 
habitants never ſee the Full Moon in Summer, 
they have her always in the Winter, before, at, 
and after the Full, ſnining for 14 ot our days and 
nights. And when the Sun is at his greateſt de- 
preſſion below the Horizon, being then in Capri- 
corn, the Moon is\at, her Firſt Quarter in Aries, 
Full in Cancer, and at her Third Quarter in 
Libra. And as the beginning of Arics is the 
riſing point of the Ecliptic, Cancer the higheſt, 
and Libra the ſetting point, the Moon riſes at her 
Firſt Quarter in Aries, is mot eleyated above the 
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The long Duration of Moon-light at the Polet. | 


PLaTE Horizon, and Full in Cancer, and ſets at the be. 


VIII. 


Fig. v. 


ginning of Libra in her Third Quarter, having 


cContinued viſible for 14 diurnal rotations of the 


Earth. Thus the Poles are ſupplied one half of 
the winter-time with conſtant Moon-light in the 
Sun's abſence; and only loſe ſight of the Moon 
from her Third to her Firſt Quarter, while the 
gives but very little light; and could be but of 
little, and ſomerimes of no ſervice to them, A 
bare view of the Figure will make this plain; in 
which let S be the Sun, e the Earth in Summer, 
when its north Pole z inclines toward the Sun, 
and E the Earth in Winter, when its north Pole 
declines from him. SEN and NMFS is the Ho. 
rizon of the north Pole, which is coincident with 
the Equator; and, in both theſe poſitions of the 
Earth, v & A is the Moon's Orbit, in which 
ſhe goes round the Earth, according to the order 
of the letters abcd, ABCD. When the Moon 
is at a, ſhe is in her Third Quarter to the Earth 
at e, and juſt riſing to the north Pole x; at þ ſhe 
changes, and 1s at the greateſt height above the 
Horizon, as the Sun hkewile is; at c ſhe is in her 
Firſt Quarter, ſetting below the Horizon; and is 
loweſt of all under it at 4, when oppolite to the 
Sun, and her enlightened Side toward the Earth, 
Bur then ſhe is full in view to the ſouth Pole pz 
which is as much turned from the Sun as the 
north Pole inclines toward him. Thus in our 
Summer, the Moon is above the Horizon of the 
north Pole while ſhe deſcribes the northern half 
of the Ecliptic v , or from her Third Quar- 
ter to her Firſt; and below the Horizon during 
her progreſs through the ſouthern half & v3 
higheſt at the Change, moſt depreſſed at the Full. 
But in winter, when the Earth is at E, and its 
north Pole declines from the Sun, the. New Moon 
at D is at her greateſt depreſſion below the Horl- 
zon VNV, and the Full Moon at B at her greateſt 


height above it; riſing at her Firſt Quan? Þ 
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and keeping above the Horizon till ſhe comes to 
her third Quarter C. At a mean ſtare ſhe is 234 
# degrees above the Horizon at B and 5, and as 
much below it at D and d, equal to the inclination 
of the Earth's Axis F. S or & W are, as it 
were, a ray of light proceeding from the Sun to 
the Earth; and ſhews that when the Earth is at e, 
the Sun is above the Horizon, vertical to the 
Tropic of Cancer; and when the Earth is at E, 
he is below the Horizon, vertical to the Tropic of 


Capricorn, 


C H AP. XVII. 
Of the Ebbing and Flowing of the Sea. 


295. HE cauſe of the Tides was diſcovered 
by KEPLER, who, in his Introduction to 
the Phyſics of the Heavens, thus explains it: *The Thecauſeof 
Orb of the attracting power, which is in the Moon, ih Tides 
is extended as far as the Farth; and draws the wa- by Ka- 
ters under the Torrid Zone, acting upon places ***: 
where it is vertical, inſenſibly on confined ſeas and 
bays, but ſenſibly on the ocean, whole beds are 
large, and the waters have the liberty of recipro- 
cation; that is, of riſing and falling.” And in the 
70th page of his Lunar Aſtronomy “ Bur the cauſe 
of the Tides of the Sea appears to be the bodies of 
the Sun and Moon drawing the waters of the Sea,” 
This hint being given, the immortal Sir Isaac Their The- 
NewrTow improved it, and wrote ſo amply on the whe" 
ſobject, as to make the Theory of the Tides in a base 
Manner quite his own; by diſcovering the cauſe ****%* 
of their riſing on the fide of the Earth oppoſite to 
the Moon. For KeeLtx believed, that the pre- 


lence of the Moon occaſioned an impulſe which 
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cauſed another in her abſence. ; 

296. It has been already ſhewn, & 106, that the p,ptaines 34 
power of gravity diminiſhes as the ſquare of. the — 1 
diſtance increaſes; and therefore the waters at E, ciples, 1 
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PLATE 
IX, 


Fig. 1. 


his own motion, will ſee D receding farther from 


are more attracted by her than the waters on the 
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on the ſide of the Earth ABCDEFGH next the 
Moon M, are more attracted than the central parts 
of the Earth. O by the Moon, and the central part, 


oppoſite ſide of the Earth at n: and therefore the 
diſtance between the Earth's center and the water; 
on its ſurface under and oppoſite to the Moo 
will be increaſed. For, let there be three bodice; 
at H, O, and D: if they are all equally attracted 
by the body , they will all move equally faf 
toward it, their mutual diſtances from each other 
continuing theſame. If the attraction of M is un- 
equal, then that body which is moſt ſtrongly at. 
tracted will move faſteſt, and this will increaſe it; 
diſtance from the other body. Therefore, by th: 
law of gravitation, M will attract H more ſtrongl) 
than it does O, by which the diſtance between H 
and O will be increaſed: and a Spectator on O will 
perceive H riſing higher toward Z. In like man- 
ner O being more ſtrongly attracted than D, it 
will move farther toward M than D does: conſe- 
quently, the diſtance between O and D will be 
increaled; and a ſpectator on O, not perceiving 


JJ ff!!! oo or rep mr mw : mr GK ] 


him toward en: all effects and appearances be- 
ing the ſame, whether D recedes from O, or 0 
from D. | . 

297. Suppoſe now there is a number of bodies, 
as A, B, C, D, E, F, G, H, placed round O, ſo as to 
form a flexible or fluid ring: then, as the whole is 
attracted towards M, the parts at H and D will 
have their diſtance from O increaſed; while the 
parts at B and F, being nearly at the ſame diſtance 
from M as O is, theſe parts will not recede from 
one another; but rather, by the oblique attraction 
of M, they wilt approach nearer to O. Hence, 
the fluid ring will form itſelf into an ellipſe 
ZIBLnKFNZ, whoſe longer Axis # O Z pro- 
duced will paſs through M, and irs ſhorter Axis 


BOF will terminate in Band F, Let the _— 
| : 
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filled with fluid particles, ſo as to form a ſphere 
round O; then, as the whole moves toward M, the 
fluid ſphere being lengthened at Z and n, will 
aſſume an oblong or oval form. If M is the 
Moon, O the Earth's center, ABCDEFGH the 
Sea covering the Earth's ſurface, it is evident, by 


the above reaſoning, that while the Earth by its 


gravity falls toward the Moon, the Water directly 
below her at B will ſwell and riſe gradually toward 
her; alſo the Water at D will recede from the 
center [ſtrictly ſpeaking, the center recedes from 
D], and riſe on the oppolite ſide of the Earth: while 
the Water at B and F'is depreſſed, and falls below 
the former level. Hence, as the Earth turns round 
its Axis from the Moon to the Moon again in 24+ 
hours, there will be two Tides of Flood and two of 
Ebb in that time, as we find by Experience. 

298. As this explanation of the ebbing and 
flowing of the Sea is deduced from the Earth's con- 
ſtantly falling toward the Moon by the power of 
gravity, ſome may find a difficulty in conceiving 
how this is poſſible, when the Moon is full, or in 
oppoſition to the Sun; ſince the Earth revolves 
about the Sun, and muſt continually fall toward 
it, and therefore cannot fall contrary ways at the 
lame time : or if the Earth is conſtantly falling 
toward the Moon, they muſt come together at 
lat, To remove this difficulty, let it be conſi- 
dered, that it is not the center of the Earth that 
deſcribes the annual Orbit round the Sun, but 
the? common center of gravity of the Earth and 
Moon together: and that while the Earth is 


This center is as much nearer the Earth's center than the 
Moon's as the Earth is heavier, or contains a greater quan- 
tity of matter than the Moon, namely, about 40 times, If 
both bodies were ſuſpended on it, they would hang in equ;{7- 
brio. So that dividing 240, coo miles, the Moon's dittance 
from the Earth's center, by 40, the exceſs of the Earth's 
weight above the Moon's, the quotient will be 6000 miles, 
Which is the diſtance of the common center of gravity of the 
arch and Moon from the Earth's center, 
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PLATE 
IX. 


Fig. II. 


Why the 
Tides are 
not higheſt 
when the 
Moon is on 
the Mei- 
dian. 


Fig. 4 
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moving round the Sun, it alſo deſcribes a Circle 
round that center of gravity; going as many time 
round it in one revolution about the Sun as ther: 
are Junations or courſes of the Moon round the 
Earth in a year: and therefore, the Earth is con. 
ſtantly falling toward the Moon from a tangent 
to the Circle it deſcribes round the ſaid common 
center of gravity. Let MA be the Moon, T // pan 
of the Moon's Orbit, and C the center of gravity 
of the Earth and Moon; while the Moon go; 
round her Orbit, the center of the Earth deſcribe 
the Circle 4ge round C, to which Circle gak is! 
tangent: and therefore, when the Moon has gone 
from M to a little paſt V, the Earth has moved 
from g to e; and in that time has fallen toward 
the Moon, from the tangent at à to e; and ſo on, 
round the whole Circle. EEO 

299. The Sun's influence in raiſing the Tides i; 
but ſmall in compariſon of the Moon's : for though 
the Earth's diameter bears a conſiderable propor- 
tion to its diſtance from the Moon, it is next to 
nothing when compared to its diſtance from the 
Sun. And therefore, the difference of the Sun's 
attraction on the ſides of the Earth under and op- 
poſite to him, is much leſs than the difference of 
the Moon's attraction on the ſides of the Earth un- 
der and oppoſite to her: and therefore the Moon 
muſt raiſe the Tides much higher than they can be 
raiſed by the Sun. 


300. On this Theory, ſo far as we have ex- 
plained it, the Tides ought to be higheſt direCtly 
under and oppoſite to the Moon; that is, when 
the Moon is due north and ſouth. But we find, 
that in open Seas, where the water flows freely, 
the Moon M is generally paſt the north and ſouth 
Meridian, as atp, when it is high water at Z and 
at 1. The reaſon is obvious; for though the 
Moon's attraction was to ceaſe altogether when ſhe 


was paſt the Meridian, yet the motion of aſcent 
| communi- 
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make it continue to riſe for ſome time after; much 
more muſt it do ſo when the attraction is only 
diminiſhed : as a little impulſe given to a moving 
hall will cauſe it ſtill to move farther than other- 
wiſe it could have done. And as experience ſhews, 
that the day is hotter about three in the aftefnoon 
than when the Sun is on the Meridian, becauſe of 
the encreaſe made to the heat already imparted. 

zor. The Tides anſwer not always to the ſame 
diltance of the Moon from the Meridian at the 
ſame places; but are variouſly affected by the action 
of the Sun, which brings them on ſooner when the 
Moon is in her Firſt and Third Quarters, and keeps 
them back later when ſhe 1s in her Second and 
Fourth: becauſe, inthe formercaſe, the Tide raiſed 
by the Sun alone would be earlier than the Tide 
raiſed by the Moon; and in the latter caſe later. 


ellptic Orbit, and therefore, in every Lunar 
Month, ſhe approachesnearertothe Earth than her 
mean diſtance, and recedes farther from it. When 
ſhe is neareſt, ſhe attracts ſtrongeſt, and ſo raiſes 
the Tides moſt ; the contrary happens when ſhe 
is fartheſt, becauſe of her weaker attraction. When 
both Luminaries are in the Equator, and the 
Moon in Perigeo, or at her leaſt diſtance from the 
Earth, ſhe raiſes the Tides higheſt of all, eſpecially 
at her Conjunction and Oppoſition; both becauſe 
the equatorial parts have the greateſt centrifugal 
force from their deſcribing the largeſt Circle, and 
from the concurring actions of the Sun and Moon. 

At the change, the attractive forces of the Sun 
and Moon being united, they diminiſh the gravity 
of the waters under the Moon, and their gravity 
on the oppoſite ſide is diminiſhed by means of a 
greater centrifugal force. At the Full, while the 
Moon raiſes the Tide under and oppoſite to her, 
the Sun acting in the ſame line, raiſes the Tide 
under 


Nor always 
anſwer to 
her being at 
the ſame 


diſtance 
from it. 


302. The Moon goes round the Earth in an 


Spring and 
neap Tides. 


Fig. VI. 
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communicated to the water before that time would PLATE 
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under and oppoſite to him; whence their onjoin 
effect is the ſame as at the Change; and in both 
caſes, occaſion what we call the Spring Tides. But 
at the Quarters the Sun's action on the waters at 
O and H diminiſhes the effect of the Moon's action 
on the waters at Z and ; fo that they riſe a little 
under and oppoſite to the Sun at O and H, and 
fall as much under and oppoſite to the Moon at 
Z and N; making what we call the Neap Ties, 
becaule the Sun and Moon then act croſs-wiſe to 
each other, But, ſtrictly ſpeaking, theſe Tides 
happen not till ſome time after; becauſe in this, 
as in other caſes, & 300, the actions do not produce 
the greateſt effect when they are at the ſtrongeſt, 
but ſome time afterward, WEE | 

303. The Sun being nearer the Earth in Winter 
than in Summer, § 205, is of courſe nearer to it 
in February and October, than in March and Sep- 
tember; and therefore the greateſt Tides happen 
not till ſome time after the autumnal Equinox, and 
return a little before the vernal. | 

The Sea being thus put in motion, would con- 
tinue to ebb and flow for ſeveral times, even though 
the Sun and Moon were annihilated, or their in- 
fluence ſhould ceaſe: as if a baſon of water were 
agitated, the water would continue to move for 
ſome time after the baſon was left to ſtand ſtill. 
Or like a pendulum, which having been put in 
motion by the hand, continues to make ſeveral 
vibrations without any new impulſe, 


304. When the Moon is in the Equator, the 
Tides are equally high in both parts of the Junar 
day, or time of the Moon's revolving from the 
Meridian to the Meridian again, which 1s 24 hours 

o minutes. But as the Moon declines from the 
Equator toward either Pole, the Tides are alter- 
nately higher and lower at places having north or 
ſouth Latitude. For one of the higheſt elevations, 


which is that under the Moon, follows her wore 
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the Pole to which ſhe 1s neareſt, and the other 
declines toward the oppoſite Pole; each elevation 
deſcribing parallels as far diſtant from the Equator, 
on oppoſite ſides, as the Moon declines from it to 
either fide; and conſequently, the parallels de- 
ſcribed by theſe elevations of the water are twice 
as many degrees from one another as the Moon is 
from the Equator; increaſing their diſtance as the 
Moon increaſes her declination, till it be at the 
greateſt, when the ſaid parallels are, at a mean ſtate, 
47 degrees from one another: and on that day 
the Tides are moſt unequal in their heights. As 
the Moon returns toward the Equator, the parallels 
deſcribed by the oppoſite elevations approach to- 
ward each other, until the Moon comes to the 
Equator, and then they coincide, As the Moon 
declines toward the oppoſite Pole, at equal diſ- 
tances, eac:. elevation deſcribes the {ame parallel 
in the other part of the lunar day, which its oppo- 
ite elevation deſcribed before. While the Moon 
has north declination, the greateſt Tides in the 
northern Hemiſphere are when ſhe 1s above the 
Horizon; and the reverſe while her declination is 
ſouth, Let NE &S be the Earth, NCS its 
Axis, E © the Equator, T & the Tropic of Cancer, 


tz the Tropic of Capricorn, a“ the arctic Circle, 


ed the antarctic, M the north Pole, & the ſouth 
Pole, M the Moon, F andG the two eminencies of 
water, whoſe loweſt parts are at @ andd (Fig. III.) 
at N and $ (Fig. IV.) and at b and c (Fig. V.) 
aways go degrees from the higheſt, Now when 
tne Moon is in her greateſt north declination at 


M, the higheſt elevation G under her, is on the pig. III. 


Tropic of Cancer, Tes, and the oppoſite elevation 
Fon the Tropic of Capricorn, -] and theſe two 
levations deſcribe the Tropics by the Earth's 
diurnal rotation. All places in the northern He- 
milphere EN have the higheſt Tides when they 
come 1nto the poſition þ Y, under the Moon; 
and the loweſt Tides when the Earth's diurnal 
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Of the Tides. 


rotation carries them into the poſition 2 7, on 
the ſide oppoſite to the Moon; the reverſe happens 
at the ſame time in the fouthern Hemiſphere 
ED, as is evident to fight. The Axis oi the 
Tides aCd has now its Poles @ andd (being always 
go degrees from the higheſt elevations) in the 
arctic and antarctic Circles; and therefore it is 
lain, that at theſe Circles there is but one Tide 
of Flood, and one of Eb, in the lunar day. For, 
when the point @ revo]ves half round to 5, in 12 
lunar hours, it has a tide of Flood; but when it 
comes to the ſame point @ again in 12 hours more, 
it has the loweſt Ebb. In ſeven days afterward, 
the Moon M comes to the equinoctial Circle, and 
is over the Equator EQ, when both elevations 
deſcribe the Equator; and in both Hemiſpheres, 
at equal diſtances from the F quator, the Tides are 
equally high in both parts of the lunar day. The 
whole Phenomena being reverſed, when the Moon 
has ſouth declination, to what they were when 
her declination was north, require no farther de- 
ſcription. | 
305. In the three laſt mentioned figures, the 
Farth is orthographically projected on the plane of 
the Meridian; but in order to deſcribe a particular 


Phenomenon, we now project it on the plane of 


When both 
Tides are 
equally high 
in th- ſame 
day, they ar- 
TIVC at une- 
qual inter- 
vals of 
Time; end 
vice verd. 


the Ecliptic. Let HZON be the Earth and Sea, 
FED the Equator, J the Tropic of Cancer, ( 
the arctic Circle, P the north Pole, and the Curves 
1, 2, 3, Sc. 2. Meridians, or Hour-circles, inter- 
ſecting each other in the Poles; AGM is the 
Moon's Orbit, 5 the Sun, M the Moon, Z the 
Water elevated under the Moon, and M the oppo- 
ſite equal Elevation. As the loweſt parts of the 
Water are always 9 degrees from the highelt, 
when the Moon is in either of the Tropics (as at 
M) the Elevation E is on the Tropic of Capricorn, 
and the oppoſite Elevation N on the Tropic of 
Cancer; the low-water Circle HCO touches the 


lar Circles at C, and the high-water Circle 
PO a Cle a 8 Py 


4 


of the Tides. 
ETP6 goes over the Poles at P, and divides 


every parallel of latitude into two equal ſegments. 
In this caſe the Tides upon every parallel are 
alternately higher and lower ; but they recurn in 
equal times: the point T, for example, on the 
Tropic of Cancer (where the depth of the Tide is 
repreſented by the breadth of the dark ſhade) has 
a ſhallower Tide of Flood at 7, than when it re- 
volves half round from thence to 6, according to 
the order of the numeral Figures; bur it revolves 
as ſoon from 6 to Jas it did fromT to 6. When 
the Moon is in the Equinoctial, the Elevations Z 
and Mare transferred to the Equator at O and H, 
and the high and low-water Circles are got into 
each other's former places; in which caſe the 
Tides return in unequal times, but are equally 
high in both parts of the lunar day: for a place 
at 1 (under D) revolving as formerly, goes ſooner 
from 1 to 11 (under F) than from 11 to 1, be- 
cauſe the parallel it deſcribes 1s cut into unequal 
ſegments by the high- water Circle HC O: but the 
points 1 and 11 being equidiltant from the Pole 
ofthe Tides at C, which is directly under the Pole 
of the Moon's Orbit MG 4, the Elevations are 
equally high in both parts of the day. 


306. And thus it appears, that as the Tides 
are governed by the Moon, they mult turn on the 
Axis of the Moon's Orbit, which 1s inclined 23+ 
degrees to the Earth's Axis at a mean ſtate: and 
therefore the Poles of the Tides muſt be ſo many 
degrees from the Poles of the Earth, or in oppo- 
lite points of the polar Circles, going round theſe 
Circles in every lunar day. It is true, that accord- 
ing to Fig. IV. when the Moon is vertical to the 
Equator EC; the Poles of the Tides ſeem to 
all-in with the Poles of the World N and $; but 
when we conſider that FG His under the Moon's 
Orbit, it will appear, that when the Moon is over 

un the Tropic of Capricorn, the north Pole of 
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228 | Of the Tides, 


the Tides (which can be no more than 90 degree, 
from under the Moon) muſt be at C in the ar&jc 
Circle, not at P, the north Pole of the Earth, 
and as the Moon aſcends from H to G in her Orbit, 
the north Pole of the Tides muſt ſhift from c to ; 
in the arctic Circle, and the ſouth Pole as much in 
the antarctic. 

It is not to be doubted, but that the Earth's 
quick rotation brings the Poles of the Tides nearer 
to the Poles of the World, than they would be if 
the Earth were at reſt, and the Moon revolved 
about it only once a month; for otherwiſe the 
Tides would be more unt qual in their heights, and 
times of their returns, than we find they are. But 
how near the Earth's rotation may bring the Pole 
of its Axis and thoſe of the Tides together, or 
how far the preceding Tides may affect thoſe 
which follow, ſo as to make them keep up nearly 
to the ſame heights, and times of ebbing and floy- 
ing, is a problem more fit to be ſolved by obſerva- 
tion than by theory, 


To know at 307. Thoſe who have opportunity to make 
— obſervations, and choole to ſatisfy themſelves whe- 
pet the ther the Tides are really affected in the above 
lead Tide, Manner by the different poſitions of the Moon, 
eſpecially as to the unequal times of their returns, 
may take this general rule for knowing when they 
ought to be fo affected. When the Earth's Axis 
inclines to the Moon, the northern Tides, if not 
retarded in their paſſage through Shoals and Chan- 
nels, nor. affected by the Winds, ought to be 
oreateſt when the Moon is above the Horizon, leaſt 
when ſhe is below it; and quite the reverſe when 
the Earth's Axis declines from her: but in both 
caſes, at equal intervals of time. When the 
Farth's Axis inclines ſidewiſe to the Moon, both 
Tides are equally high, but they happen atunequal 
intervals of time. In every Lunation the Earth“ 


Axis inclines once to the Moon, once from = 
| an 


Of the Tides, 


and twice ſidewiſe to her, as it does to the Sun 
every year: becauſe the Moon goes round the 


Ecliptic every Month, and the Sun but once in a 


year. In Summer, the Earth's Axis inclines to- 
ward the Moon when New; and therefore the 
day-tides in the north ought to be higheſt, and 
night-tides loweit, about the Change: at the Full 
the reverſe. At the Quarters they ought to be 
equally high, butunequal in their returns; becauſe 
the Earth's Axis then inclines ſidewiſe to the Moon. 
In Winter, the Phenomena are the ſame at Full- 
Moon as in Summer at New. In Autumn, the 
Larth's Axis inclines ſidewiſe to the Moon when 
New and Full; therefore the Tides ought to be 
equally high and unequal in their returns at theſe 
times. At the Firſt Quarter, the Tides of Flood 
ould be leaſt when the Moon is above the Hori— 
200, greateſt when ſhe is below it; and the reverſe 
at her third Quarter. In Spring, the Phenomena 
of the Firſt Quarter anſwer to thoſe of the Third 
Quarter in Autumn; and vice verd. The nearer 
ay tive is to either of thele ſcaſons, the more the 


Tides partake of the Phenomena of theſe tcafons; 


and in the middle between any two of them the 
Tides are at a mean ſtate between thoſe of both. 
308. In open Seas, the Tides riſe but to very 
[mal] heights in proportion to what they do in 
Wice-mouthed rivers, opening in the Dirsction of 
tue Stream of Tide. For, in Channels growing 
rarrower, gradually, the water is accumulated by 
the oppoſition of the contracting Bank. Like a 
gentle wind, little felt on an open plain, but ſtrong 
and bri{k in a ſtreet; eſpecially if the wider end 
ot the ſtreet de next the plain, and in the way of 
tie wind. 
309. The Tides are ſo retarded in their paſſage 
mrovgh different Shoals and Channels, and other- 
Vile lo variouſly affected by ſtriking againſt Capes 
aud Headlagds, that to different places they hap- 
en at all diſtances of the Moon from the Meridian; 


2 conſe- 
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Why the 
Tides riſe 
higher in 
Rivers than 
in the Sea. 


- 


The Tides 
happen at 
all dif ances 
of the Mon 
from the 
Meridian at 
different 
places, and 
hy. 
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conſequently at all hours of the lunar day, The 
Tide propagated by the Moon in the German 
Ocean, when ſhe is three hours paſt the Meridian, 
takes 12 hours to come from thence to London 
Bridge; where it arrives by the time that a new 
Tide is raiſed in the Ocean. And therefore when 
the Moon has north declination, and we ſhould 
expect the Tide at London to be greateſt when the 
Moon 1s above the Horizon, we find it is leaſt; 
and the contrary when ſhe has ſouth declination, 
At ſeveral places it is high-water three hours be- 
fore the Moon comes to the Meridian; but that 
Tide which the Moon puſhes as it were before 
her, is only the Tide oppoſite to that which was 
raiſed by her when ſhe was nine hours paſt the op- 
polite Meridian. E 
The Water 310. There are no Tides in Lakes, becauſe they 
never ries are generally ſo ſmall, that when the Moon is 
vertical ſhe attracts every part of them alike, and 
therefore by rendering all the water equally light 
no part of it can be raiſed higher than another, 
The Mediterranean and Baltic Seas have very ſmall 
elevations, becauſe the Inlets by which they com- 
municate with the Ocean are ſo narrow, that they 
cannot, in ſo ſhort a time, receive or diſcharge 
enough to raiſe or ſink their lurfaces ſenſibly, 


The Mon 311. Air being lighter than Water, and the 
raiſes i. ſurface of the Atmoſphere being nearer to the 
Moon than the 'urface of the Sea, it cannot be 

doubted that the Moon raiſes much higher Tides 

in the Air than in the Sea. And therefore many 

have wondered why the Mercury does not {ink in 

the Barometer when the Moon's action on the 
particle, of Air makes them lighter as ſhe paſſes 
Why the Over the Meridian. But we muſt conſider, that 


Mercury in ſe parti ; a greater 
Ne Ber. as theſe particles are rendered lighier, à gr 


' meters not number of them is accumulated, until the defi- 


ee ciency of gravity be made up by the height of the 
Ties, column; and then there is an eguilibrium, and con- 


ſequently | 


my _w "+ - ww—_ oo «a | mn 
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Of Eclipfes. 


ſequently an equal preſſure upon the Mercury 
as before; ſo that it cannot be affected by the 
aerial Tides. 


HAT. 


Of Eclipſes: Their Number and Periods. A large 


Catalogue of Ancient and Modern Eclipſes. 


312. VERY Planet and Satellite is illumi— 

nated by the Sun, and caſts a ſhadow 
toward that point of the Heavens which is oppo— 
fite to the Sun. This ſhadow 1s nothing but a 
privation of light in the ſpace hid from the Sun 
by the opake body that intercepts his rays, 

313. When the Sun's light is fo intercepted by 
the Moon, that to any place of the Earth the Sun 
appears partly or wholly covered, he is ſaid to 
undergo an Eclipſe; though, properly peaking, 
it is only an Eclipſe of that part of the Earth where 
the Moon's ſhadow or * Penumbra falls. When 
the Earth comes between the Sun and Moon, the 
Moon falls into the Earth's ſhadow; and havin 
no light of her own, ſhe ſuffers a real Eclipſe from 
the interception of the Sun's rays. When the Sun 
is eclipſed to us, the Moon's Inhabitants on the 
ide next the Farth (if any ſuch there be) ſee her 
hadow like a dark ſpot travelling over the Earth, 
about twice as faſt as its equatorial parts move, 
and the ſame way as they move. When the Moon 
is in an Eclipſe, the Sun appears eclipſed to her, 
total to all thoſe parts on which the Earth's ſhadow 
falls, and of as long continuance as they arc.in the 
hadow, . 

314. That the Earth is ſpherical (for the hills 
take off no more from the roundneſs of the Earth, 
than grains of duſt do from the roundneſs of a 


* The Penumbra is a faint kind of ſhadow all around the 
perfect ſhadow of the Planet or Satellite, and will be more 
fully explained by and by. | 
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And that 
the Sun is 
much bigger 
than the 
Earth, and 
the Moon 
much leſs. 


Of Eclipſes. 


common Globe) is evident from the figure of itz 


ſhadow on the Moon; which is always bounded 


by a circular line, although the Earth is inceſſantly 
turning its different ſides to the Moon, and ver 
ſeldom ſhews the fame ſide ro her in different 
Eclipſes, becauſe they ſeldom happen at the ſame 
hours. Were the Earth ſhaped like a round flat 
plate, its ſhadow would only be circular when 


either of its ſides directly faced the Moon; and 


more or leſs clliptical as the Earth happened to be 
turned more or leſs obliquely toward the Moon 
when ſhe is eclipſed. The Moon's different Phaſes 
prove her to be round, S 254; for, as ſhe Keeps 
ſtill the ſame fide toward the Earth, if that fide 
were flat, as it appears to be, ſhe would never be 
viſible from the Third Quarter to the Firſt; and 
from the Firſt Quarter to the Third, ſhe would ap- 
pear as round as when we ſay ſhe is Full: becauſe 
atthe end of her Firſt Quarter the Sun's light would 
come as ſuddenly on all her ſide next the Earth, as 
it does on a flat wall, and go off as abruptly at the 
end of her Third Quarter, | | 
315. If the Earth and Sun were equally big, 
the Earth's ſhadow would be infinitely extended, 
and all of the ſame bulk; and the Planer Mars, 
in either of its Nodes and oppoſite to the Sun, 
would be cclipied in the Farth's ſhadow, Were 
the Earth bigger than the Sun, its ſhadow would 
increaſe in bulk the farther it extended, and would 
eclipſe the great Planets, Jupiter and Saturn, with 
all their Moons, when they were oppoſite to the 
Sun. But as Mars in oppoſition never falls into 
the Earth's ſnadow, although he is not then above 
42 millions of miles from the Earth, it is plain 


that the Earth is much leſs than the Sun; for 


otherwiſe its ſhadow could not end in a point at 
ſo {ſmall a diſtance. If the Sun and Moon were 
equally big, the Moon's ſhadow would go on to 
the Earth with an equal breadth, and cover a por- 


tion of the Earth's ſurface more than 2000 oy 
broad, 
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broad, even if it fell directly againſt the Earth's 
center, as ſeen from the Moon; and much more 
il it fell obliquely on the Earth: but the Moon's 
ſhadow 1s ſeldom 150 miles broad at the Earth, 
unleſs when it falls very obliquely on it in total 
Eclipſes of the Sun. Im annular Eclipſes, the 
Moon's real ſhadow ends in a point at tome diſ- 
tance from the Earth. The Moon's ſmall diſtance 
from the Earth, and the ſhortneſs of her ſhadow, 

-ove her to. be leſs than the Sun. And as the 
Farth's ſhadow is large chough to cover the 


Moon, if her diameter were three times as large as 


it is (which is evident from her long continuance 
in the ſhadow when ſhe goes through its center), 
it is plain that the Earth is much bigger than the 
Moon, 

316, Though all opake bodies on which the 
Sun ſhines have their ſhadows, yet ſuch is the 
bulk of the Sun, and the diſtances of the Planets, 
that the primary Planets can never eclipſe one 
another. A Primary can echpſe only its Secon- 
dary, or be eclipſed by it; and never but when in 
oppolition or conjunction with the Sun, 


but the Sun and Moon are ſo every month: whence 
one may imagine that theſe two Luminaries ſhould 
be eclipſed every month. But there are few 
kcliptes in reſpect of the number of New and Full 
Moons; the rcalon of which we ſhall now explain. 

317. If the Moon's Orbit were coincident with 
the Plane of the Ecliptic, in which the Earth al- 
ys moves, and the Sun appears to move, the 
Moon's ſhadow would fall upon the Earth at every 
Change, and eclipſe the Sun to ſome parts of the 
kartb. In Ike manner the Moon would g0 


through the Middle of the Earth's ſhadow, and be 
echpſed at every Full; but with this difference, 
that ſhe would be totally darkened for. above an 
hour and an half; whereas the Sun never was above 
war nunutes totally eclipfed by the interpoſition 
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Aue n' of the Moon. But one half of the Moons 

is elevated 54 degrees above the Ecliptic, and 

other half as much depreſſed below it: conſe # 

quently, the Moon's Orbit interfects the Ecliptigt 

in two oppoſite points called 2, Moon's Nodes 

has been already taken notice of, $ 288. Wha 

theſe points are in a right line with the center 

the Sun at New or Full Moon, the Sun, Mogg 

and Earth, are all in a right line; and if the M 

be then New, her ſhadow falls upon the Farth; 

if Full, the Earth's ſhadow falls upon her. Whey 

the Sun and Moon are more than 17 degrees from 

Limits of either of the Nodes at the time of Conjun@ion 3 

rate. the Moon is then generally too high or too lo 

her Orbit to caſt any part of her ſhadow upon the 
Earth. And when the Sun is more than 120 
grees from either of the Nodes at the time of Full 

Moon, the Moon is generally too high or too low 

in her Orbit to go through any part of the Eau 

thadow : and in both theſc caſes there will beg 

Eclipſe. But when the Moon is leſs than 17463 

grecs from either Node at the time of Conjunion 

her ſhadow or Penumbra falls more or leſs 

the Farth, as ſhe is more or Jeſs within this 

limit“. And when ſhe is leſs than 12 degree 

from either Node at the time of Oppoſition, tit 

goes through a greater or leſs portion of the Eau 

ſhadow as ſhe is more or leſs within this limits 

Her Orbit contains 360 degrees, of which 19, WW 

limit of ſolar Eclipſes on either ſide of the Nodes 
and 12, the limit of lunar Eclipſes, arg but {mall 

portions: and as the Sun commonly paſſes by thts 
Nodes but twice in a year, it is no wonder tha 


* This admits of ſome variation: for, in apogeal Eclipk 
the ſolar limit is but 16+ degrees; and in perigeal Ecliplesit | 
is 16! ,— When the Full Moon is in her Apogee, ſhe wy 
be eclipſed if ſhe be within 104 degrees of the Node; # 
when ſhe is fall in her Perigee, ſhe will be eclipied if ſhe be 
within 12;% degrees of the Node. 
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Eclipſes. n | 
I 0 illuſtrate this, let ABCD be the Ecliptic, 


RSTU a Circle lying in the ſame Plane with the 

Ecliptic, and /// XY the Moon's Orbit, all thrown 

into an oblique view, which gives them an ellipti- 

cal ſhape to the eye. One half of the Moon's 

Orbit, as VA, is always below the Ecliptic, and 

the other half X above it. The points V and 

X, where the Moon's Orbit interſects the Circle 

RSTU, which lies even with the Eclipric, are the 

Men's Nodes; and a right line, as XE V, drawn, 

from one to the other, through the Earth's center, 

is called the Line of the Nudes, which is carried al- 
moſt parallel to itfelf round the Sun in a year. 

If the Moon moved round the Earth in the Or- 
bit RSTU, which is coincident with the Plane of 
the Ecliptic, her ſhadow would fall upon the Earth 
every time ſhe is in conjunction with the Sun, and 
at every oppoſition ſhe would go through the 
Earth's ſhadow. Were this the cale, the Sun 
would be eclipſed at every Change, and the Moon 
at every Full, as already mentioned. 

But although the Moon's ſhadow N muſt fall 
upon the Earth at a, when the Earth is at E, and 
the Moon in conjunction with the Sun at i, becauſe 
ſhe is then very near one of her Nodes; and at 
her oppoſition » ſhe muſt go through the Earth's 
ſhadow I, becauſe ſhe is then near the other Node; 
yer, in the time that ſhe goes round the Earth to 
her next Change, according to the order of the 
letters ATV, the Earth advances from E to e, 
according to the order of the letters EFG H, and 
the line of the Nodes YE being carried nearly 
parallel to itſelf, brings the point f of the Moon's 
Orbit in conjunction with the Sun at that next 
Change; and then the Moon being at /, is too 
high above the Ecliptic to caſt her ſhadow on the 
Earth : and as the Earth is ſtill moving forward, 
the Moon at her next oppoſition will be at g, too 


far 


we have ſo many New and Full Moons without PLATE x, 
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the Earth's ſhadow; for by that time the point p 
will be at a conſiderable diſtance from the Earth 
as ſeen from the Sun. a 
When the Earth comes to F, the Moon in con- 
junction with the Sun Z is not at &, inaPlane coin. 
cident with the Ecliptic, but above it at in the 
higheſt part of her Orbit: and then the point þ of 
her ſpadow O goes far above the Earth (as in 
Fig. II. which is an edge view of Fig. I.). The 
Moon at her next oppoſition is not at o (Fig. l.) 
but at 77, where the Earth's ſhadow goes ſar above 
her (as in Fig. II.). In both theſe caſes the line of 
the Nodes VFA (Fig. I.) is about go degrees from 
the Sun, and both Luminaries are as far as poſſible 
from the limits of Eclipſes. | 4g 
When the Earth has gone half round the Eclip- 
tic from E to G, the line of the Nodes VGY is 1 
nearly, if not exactly, direcied toward the Sun at Þ 
Z; and then the New Moon / caſts her ſhadow ? &® 
on the Earth E; and the Full Moon p goes through | 
the Earth's ſhadow L; which brings on Eclipſes 
again, as when the Earth wes at E. | 
When the Earth comes to H, the New Moon 
falls not at n in a plane coincident with the Ecliptic 
CD, but at / in her Orbit below it: and then 
her ſhadow © (lee Fig. II.) goes far below the Þ 
Earth. At the next Full ſhe is not at g (Fig. I.) 
but at 7 in her Orbit 53 degrees above q, and at 
her greateſt height above the Ecliptic CD; being 
then as far as poſſible, at any oppoſition, trom the 
Earth's ſhadow M (as in Fig. II.). ; 
So, when the Earth isat Eand G, the Moon is 
about her Nodes at New and Full; and in her 
greateſt north and ſouth Declination (or Latitude as 
it is generally called) from the Ecliptic at her 
Quarters: but when the Earth is at # or H, the 
Moon is in her greateſt north and ſouth Declinet1n 
from the Ecliptic at New and Full, and in the 


Nodes about her Quarters. 
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318. The point A where the Moon's Orbit 
croſſes the E.clipric is called the Aſcending Node, be- 
cauſe the Moon aſcends from it above theEcliptic: 
and the oppoſite point of interſection Vis called the 
Deſcending Node, becauſe the Moon deſcends from 
+ below the Ecliptic. When the Moon is at Fin 
the higheſt point of her Orbit, ſhe is in her great- 
et north Latitude; and when ſhe is at in the 
loweſt point of her Orbit, ſhe 1s 1n her greateſt 
fouth Latitude. | ; 

319. If the line of the Nodes, like the Earth's 
Axis, were Carricd parallel to itſelf round the Sun, 
there would be juſt half a year between the con- 
junctions ef the Sun and Nodes. But the Nodes 
ſhifr backward, or contrary to the Earth's annual 
motion, 194 degrees every year; and therefore the 
lame Node comes round to the Sun 19 days ſooner 
every year than on the year before, Conſequently, 
from the time that the aſcending Node X (when 
the Earth is at E) paſſes by the Sun as ſeen from 
the Farth, it is only 173 days (not half a year) 
tlthe deſcending Node / paſſes by him. There- 
fore, in whatever time of the year we have Eclipſes 
of the Luminaries about either Node, we may be 
ſure that in 173 days afterward we ſhall have 
Eclipſes about tig other Node. And when at an 
time of the year the line of the Nodes 1s in the 
litvation YG XN, at the ſame time next year it will 
be in the ſituation rGs; the aſcending Node hav- 
ing gone backward, that is, contrary to the order 
of Signs, from X tos, and the deſcending Node 
from Vtor; each 197 degrees. At this rate the 
Nodes ſhift through all the igns and degrees of 
the Ecliptic in 18 years and 225 days; in which 
ume there would always be a regular period of 
Eclipſes, if any complete number of Lunations 
vere finiſhed without a fraction. But this never 
happens; for if both the Sua and Moon ſhould 

art from a line of conjunction with either of the 

odes in any point of the Ecliptic, the Sun would 
8 perform 
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FLATE X. 
The Moon's 
aſcending 
and deſcende 
ing Node, 


Her north 
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Latitude, 


The Nodes 
have a re- 
trograde , 
motion. 


Fig. I. 


Which 
brings on 
the Eclipſes 
ſooner every 
year than 
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perform 18 annual revolutions and 222 degrees 
over and above, and the Moon 230 Lunations and 


85 degrees of the 23 1ſt, by the time the Node 

came round to the ſame point of the Eclipric | 
again: ſo that the Sun would then be 138 degrees | 
from the Node, and the Moon 8; degrees from the 


Sun. 4 


320. But, in 223 mean Lunations, after the 
Sun, Moon, and Nodes have been once in a line 
of conjunction, they return ſo nearly to the ſame | 
ſtate again, as that the ſame Node, which was in 
conjunction with the Sun and Moon at the begin- 
ning of the firſt of theſe Lunations, will be within 
28' 12” of a degree of a line of conjunction with 3 
the Sun and Moon again, when the laſt of theſe * 
Lunations is completed. And therefore, in that 
time, there will be a regular period of Eclipſes, 


or return of the ſame Eclipſe, for many ages. In 


this period (which was firſt diſcovered by the | 


Chaldeans) there are 18 Julian years 11 days 7 


hours 43 minutes 20 ſeconds, when the laſt day 


of February in Leap-years is four times included: 


but when it is five times included, the period con- | 
ſits of only 18 years 10 days 7 hours 43 minutes 
20 ſeconds. Conſequently, if to the mean time 
of any Eclipſe, either of the Sun or Moon, you 


add 18 Julian years 11 days 7 hours 43 minutes 20 


ſeconds, when the laſt day of February in Leap- 
years comes in four times, or a day leſs when it 
comes in five times, you will have the mean time 


* 


of the return of the ſame Eclipte. 


But the falling back of che line of conjunctions 


or oppoſitions of the Sun and Moon 28“ 12” with 
reſpect to the line of the Nodes in every period, 
will wear it out in proceſs of time; and after that, 
it will not return again in leſs than 12492 years,— 
Theſe Eclipſes of the Sun, which happen about 
the Aſcending Node, and begin to come in at the 
North Pole of the Earth, will go a little ſoutherly 


at each return, till they go quite off the Nv - 
| 3 
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te South Pole; and thoſe which happen about 
the Neſcending Node, and begin to come in at 
the South Pole of the Earth, will go a lictle nor- 
therly at each return, till at laſt they quite leave 
the Earth at the north Pole. 

To exemplify this matter, we ſhall firſt conſider 
the Sun's  clipſe, March 21ſt Old Stile (April iſt 
New Stile) A. D. 1764, according to its mean 
rev.lutions, without equating the times, or the 
Sun's diſtance from the Node; and then according 
to its true equated times. = 

This Eclipſe fell in the open ſpace at each 
return, quite clear of the Earth, ever ſince the 
creation till A. D. 1295, June 13th Old Stile, at 
12h. 52 m. 59 ſec. poſt meridiem, when the Moon's 
hadow firſt touched the Harth at the North Pole; 
the Sun being then 17? 48127“ from the Aſcend- 
ng Node.—ln each period ſince that time, the 
Sun has come 25” 12” nearer and nearer the fame 
Node, and the Moon's ſhadow has therefore gone 
more and more ſoutherly. In the year 1962, July 
15th Old Stile, at 10h. 36 m. 21 ſec. p. n. when 
the fame Eclipſe will have returned 38 times, the 
Sun will be only 24 45“ from the Aſcending 
Node, and the center of the Moon's ſhadow will 
all a little northward of the Earth's center. - At 
the end of the next following period, A. D. 1980 
July :8th Old Stile, at 18h. 19 m. 41 ſec. p. m. 
the dun will have receded back 3* 27” from the 
Aſcending Node, and the Moon will have a very 
imall degree of ſouthern Latitude, which will cauſe 
the center of her ſhadow to pals a very ſmall matter 
louth of the Earth's center.—After which, in 
every following period, the Sun will be 28' 12” 
larther back from the Aſcending Node than in 
the period laſt 5cfore; and the Moon's ſhadow will 
go till farther and farther ſouthward, until Sep- 

nber 12th Old Stile, at 23 h. 46 m. 22 ſec. p. m. 
A. D. 2665; when the Eclipſe will have com- 
kleted its 77th periodical return, and will go 

quite 
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quite off the Earth at the South Pole (the Sun 
being then 179 55' 22“ back from the Node); and 
it cannot come in at the North Pole, fo as to begin 
the ſame Courſe over again, in leſs than 12492 
years afterward.—And ſuch will be the caſe of 
every other Eclipſe of the Sun: for as there is 
about 18 degrees on each ſide of the Node within 


which there is a poſſibility of Eclipſes, their whole 


revolution goes through 36 degrees about that 


Node, which, taken from 360 degrees, leaves re- 


maining 324 degrees for the Eclipſes to travel in 
expanſum. And as this 36 degrees is not gone 
through in leſs than 77 periods, which takes up 
1388 years, the remaining 324 degrees cannot be 
ſo gone through in leſs than 12492 years. For, 
as 36 is to 1388, 10 is 324 to 12492, 

321. In order to ſhew both the mean and true 


times of the returns of this Eclipſe, through al! its 


periods, together with the mean Anomalies of the 
Sun and Moon, at each return, and the mean and 
true diſtances of the Sun from the Moon's Aſcend- 
ing Node, and the Moon's true Latitude at the 
true time of each New Moon, I have calculated 
the following Tables for the ſake of thoſe who may 
chooſe to project this Eclipſe at any of its returns, 
according to the rules laid down in the XVth 


Chapter; and have by that means taken by much } 


the greateſt part of the trouble off their hands.— 
All the times are according to the Old Stile, for the 
ſake of a regularity which, with reſpect to the 
nominal days of the Months, does not take place 
in the New: but by adding the days difference of 
Stile, they are reduced to the times which agree 
with the New Stile. 

According to the mean (or ſuppoſed equable) 
motions of the Sun, Moon, and Nodes, the Moons 
ſhadow in this Eclipſe would have firſt touched the 
Earth at the North Pole, on the 13th of Juxe, 
A. D. 1295, at 12 h. 52 m. 59 ſec. paſt noon on 


the Meridian of London; and would — 4 
3 art 


r 1— 1 - >> Sh 
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Earth at the South Pole, on the 12th of September, 
A. D. 2665, at 23 h. 46 m. 22 ſec. paſt Noon, at 
the completion of its 77th period; as ſhewn by 
the firſt and ſecond Tables. 

But, on account of the true (or unequable) mo- 
ions of the Sun, Moon, and Nodes. the firſt 
coming in of this Eclipſe, at the North Pole of the 
Earth, was on the 24th of June, A. D. 1313, at 
3h. 57 m. 3 ſec, paſt Noon; and it will finally 
leave the Earth at the South Pole, on the 31ſt of 
July, A. D. 2593, at 10 h. 25 m. 31 ſec. paſt 
Noon, at the completion of its 72d period; as 
ſhewn by the third and fourth Tables.—So that 
the true motions do not only alter the true times 
from the mean, bur they allo cut off five periods 
{rom thoſe of the mean returns of this Eclipſe, 
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(TABLE I. The mean Time of New Moon, with the mean Anomalies 
Sun and Moon, and the Sun's mean Diflance from the 
Node, at the mean Time of each periodical Return of 
March 2½, 1764, from its firſt coming upon the Earth fince the 
till it falls right againſt the Earth's center, according to the Old Stile. 


Moon's Aſcending 
the Sun's Eclip/e. 


of the 


Creation, 


_— Mean Time of | Ano mean Moon's mean Sun's mean Dif. 
New Moon. Anomaly. | Anomaly, from the Node, 
"2\MonthD.H.M.S.|s o „% % "|s 0 
1277;Jane 2 5 9 39117 57 41 1 26 31 4200 18 16 40 
1295 June 13 12 52 59/1 28 27 38| 1 23 40 19| © 17 48 27 
1313 June 23 20 36 19 0 8 57 35| 1 20 48 56| © 17 20 1; 
t331July 5 4 19 30, o 19 27 320 I 17 57 35, 0 16 52 2 
lz49iJaly 15 12 2 50 o 29 57 29 I 15 6 10 © 16 23 50 
36% July 26 19 46 19 1 10 27 26, 1 12 14 470 15 55 37 
1385 Aug. 6 3 29 39 1 20 57 23 1 9 23 2400 15 27 235 
1403|Aug. 17 11 12 59] 2 1 27 20 1 6 32 100 14 59 12 
14210[Aug. 27 18 56 19; 2 11 57 17 . 3 490 0 14 31 © 
1439] Sept. 8 2 39 39, 2 22 27 14 1 © 49 15] 0 14 2 47 
1457 Sept. 18 10 2 59] 3 2 57 11, © 27 57 52] 0 13 34 35 
t475|Sept. 29 18 6 19 3 13 27 8 © 25 6 29| 0 13 6 22 
14930 Oct. 10 1 49 39 3 23 57 5 o 22 15 6|0 12 38 10 
ts1i[Od. 21 9 32 59 4 4 27 200 19 23 4300 12 9 57 
1529 Oct. 31 17 16 19] 4 14 56 59 © 16 32 20] 0 11 41 45] 
t547]Nov. 12 © 59 40] 4 25 26 56| © 13 40 57] © 11 13 32 
1565[Nov. 22 8 43 ol 5 5 56 53] © 10 49 3400 10 45 20 
1585Dec. 3 16 26 20 es 16 26 50 © 7 58 900 10 7 7 
1601]Dec, 14 0 9 40 5, 26 56 470 5 6 480 948 55 
1610 [Dec. 25 7 53 / 6 7 26 44] © 2 15 25/0 9 20 4? 
163S|Jan, 4 15 36 200 6 17 50 4i|t1 29 24 260 8 32 30 
16500 an. 15 23 19 40 6 28 26 38|11 26 32 390 0 8 24 17 
16740l[ an. 26 7 3 of7 8 56 351 23 41 140 756 5 
1692 TFeb. 6 14 46 20/7 19 26 32j11 20 49 53/0 7 27 52 
7 10ſeb. 16 22 29 40] 7 29 56 29/11 17 58 30 © 6 59 40 
1728 [Feb. 28 6 13 0 8 10 26 2601115 7 70 631 
6 Mar. 10 13 56 20| 8 20 56 2311 12 15 440 6 3 
6 Mar. 20 21 39 4d 1 26 201 9 24 210 0 5 35 
y82jApr. 1:5 23 fe 9 11:56 1% 6 32 580 0 5 © 
18cojApr. 14 13 6 20 9 22 26 14]11 3 41 35/0 438 
1818|Apr. 22 20 49 4010 2 56 1101 © 50 12] © 4 10 
18 36M 3 4 33 Ci 13 26 810 27 58 49] © 3 42 
i854\May 14 12 16 zc|1o 23 56 5Jio 25 7 260] 0 3 14 0 
1872]May 24 19 59 4001 4 26 2/10 22 16 300 245 47 
t8gcſſure 5 3 43 0 1 14 55 59/10 19 24 400 © 2173) 
1908|[une 15 11 20 200/11 25 25 56010 16 33 17] © 1.49 27 
192G|fune 26 19 9 40 o 5 55 53010 13 41 54 12110 
1944|July 7 2 53 © © 16 25 5c|to 10 50 31] 0 0 525) 
1002 July 18 10 36 21] o 26 55 4210 7.59 810 0249 
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CABLE II The mean Time of New Moon, with the mean Anomalies of the 


Sun and Moon, and the Sun's mean Diftance from the Moon's Aſcending 
Node, at the mean Time of each periodical Return of the Sun's Eclip/e 
March 21/1, 1704, from the mean ime of its falling right againſt the Earth's 
Center, till it finally leaves the Earth according lo the Julian or Old Stile. 


— 


Mean Time of 


Suns mean 


Moou's mea 


Sun's mein Diſt 


2c New Moon. Anomaly, | from the Node. 
Month. D. H. M. S. . 
1g80}July 28 18 19 411 5 7 45|11 29 56 33 
1998][ Aug. 9 2 3 101 2 16 22/11 29 28 20 
20160Aug. 19 9 46 2101 9 29 24 59111 29 0 8 
2034[Aug. 30 17 29 41| 2 9 26 33 36011 28 31 55 
205 2 Sept. 10 I 13 1| 2 9 23 42 13111 28 3 43 
2070|Sept. 21 8 56 211 2 9 20 50 50/11 27 35 30 
2088 Oct. 1 16 39 41| 3 9 17 59. 2711 27 7 18 
21060 Oct. 13 0 23 1| 3 9 15 T 414 26 29 7 
21244Oct. 23 8 6 21| 4 9 12 16 41/11 26 10 53 
2142|Nov. 3 15 49 41| 4 9 9 25 18/¼11 25 42 40 
21600Nov. 13 23 31 14 9 © 33 56011 25 14 28 
2178 Nov. 25 7 16 210 5 9 3 42 330 24 40 15 
2190 Dec. 14 59 410 5 9 o 51 10% 418 
2214 Dec. 16 22 43 15 8 27 59 47/1 23 49 50 
3 2232 Dec. 27 6 26 21] 6 8 25 8 24011 23 21 38 
22610 an. 7 14 9 41] 6 8 22 17 ii 23 $3 26 
2269]Jan. 17 21 53 1| 6 8 19 25 38011 22 15 13 
2287] Jan. 29 5 36 21! 7 8 16 31 it $8: $7. © 
2305 Feb. 8 13 19 41] 7 8 13 42 52111 21 28 48 
e. 19 28 3 $7 8 10 51 2911 21 © 35 
2340 Mar. 2 4 46 21| 8 8 8 0 611 20 32 23 
2359 Mar. 13 12 29 42| 8 3 5 8 43111 20 4 10 
2377, Mar, 23 20 13 2| 8 8 2 17 20/11 19 35 58 
23950 Apr. 4 3 56 2209 7 29 25 57111 19 7 45 
2415|Apr. 14 11 39 4209 7 20 34 34111 18 39 33 
243i|Apr. 25 19 23 2| 9 7 23 43 111 18 11 20 
3 % May 6 3 6 22j10 7 20 51 4311 17 43 8 
2467 May 17 10 49 42j10 7 18 © 25\14 8 14 £66 
218 May 27 18 33 2/11 7 15 9 211 16 46 43 
25030 June 8 2 16 22 7 12 17 3911 16 18 31 
2521, June 18 9 59 42ʃ11 7 9 26 1611 15 50 18 
25339 June 2 17 43-21 © 7 © 34 $316 — 
2557, July 8 1 26 22| © 7 3 43 3211 14 53 54 
2575 July 21 9 9 420 0 7/11 14 25 41 
2593 July N 6 28 o 441 13 57 28 
2011 Avg, 12 © 36 22\ 1 E 2111 13 29 16 
2629 Aug. 22 8 19 42] 1 6 22 17 5811 23 © J 
2647 Sept. 2 0 $3 © 8 6 19 26 35/11 12 32,51 
Debt. 12 23 46 220 2 6 16 35 12011 12 4 38 
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\ [TABLE III. The rue Time of New Moon, with the Sun's trae Diftany 

From the Moon's Aſcending Node, and the Moon's true Latitude, at 15. 
true Time of each periodical Return of the Sun's Eclipſe, March 21½, Old 
Stile, A. D. 1764, from the Time of its firfl coming upon the Earth ſince 
the Creation till it falls right againfl the Earth's Center. 

Ex 8 * True j1me of. Sun's crue Diit. | Moon's true Latitude 

8 8 2 8 New Moon. from the Node. Nor ch. 

= 4 4 > — 

8 8 Month. D. II. M 8 . 0 : "1.0 . wa North. 
o 1295/[une 13 21 54 32] © 18 40 54 $3 N. A. 
e enn N. A. 
b iir gc 0 42 o 16 29 35] 1 25 20 N. A. 
3 1340 /[uly 15 17 14 15} © 15 34 180 1 20 45 N. A. 
4 [1367|July 26 23 49 240 14 46 8 1 16 39 N. A. 
5 38 5[A ug. 6 6 4 17] © 13 59 43/2 12 43 N. A. 
r e 
7 j142i]Avg. 27 20 30 17 6s 7 23 £006 M4 
8 1439%ept. 8 3 51 46 © 12 1 54/1 2 4l N. A. 
9 1457 Sept. 18 10 23 1 11 30 27 58 53 N. A. 
ia Jl1475Sept. 20 , 57 Flo -11 3 3560 0 57 45 N. A. 
11 149308. 10 144 30% 10 41 550 55 49 N. 4. 
12 |k543jOR. 21 9 29 83 o 10 25 110 54 28 N. A. 
13 1529 Oct. 3117 9 18 o 10 11 270 53 12 N. A. 

4 [1547jNov. 12 0 61 25] © 10 1 10 0 52 19 N. A. 
Is 1565 Nov. 22 8 54 550 9g 52 490 51 46 N. A. 
16 1585 Dec. 3 16 48 170 9 48 40 Ff 11 N. A. 
17 j1601]Dec. 14 o 51 5 9 43 42 0 50 49 N. A. 

18 61% Dec. 25 8 54 clo 9 40 2300 50 31 N. A. 
19 [163i|Jan. 4 16 56 1 9 34 5719 50 3 N. A. 
20 656 Jan. 16 © 54 41,0 9 29 2400 49 57 N. A. 
21 1674/ [an. 26 8 48 24 © 9 19 44] o 48 44 N. A. 
22 1692 Feb. 6 16 36 2880 9 8 5800 47 49 N. A. 
23 1710[Feb. 17 o 8 7 6 20! © 46 44 N. A. 

| 24 1728 Feb. 28 7 43 40 8 34 5300 44 5 N. A. 
25 1740 Mar. 10 15 14 30 8 10 38] 0 42 46 N. A. 

26 1704 Mar. 20 22 30 260 7 42 14% 40 18 N. A. 

27 1782 Apr. „ 4 9 7 3 9 © 37- 0 N. A. | 
28 1800 Apr. 11 12 36 38) 6 35 3olo 34 31 N. 4, 

29 1818 Apr. 22 19 27 34) 5 51 44 o 30 43 N. A. 

30 18z0/\May 3 212 jojo 5 5 5/0 26 40 N. A. 

| 31 188% May 14 8 50 40] 4 19 45 22 42 N. 4. 

32 1872 May 24 1; 28 15 B „V N. A. 

33 1890 June ee 2 33 % 23 N. 4. 

34 1908/June 15 4 38 23% 1 41 430 8 54 N. 4 

5 1920 june 34 jc] 0 0-47 $& © 4 N. 2 
On account of the differences between the mean and true Neu 

Moons, and between the Sun's mean and true diſtances from the 

Node, the Moon's ſhadow falls even with the Earth's center twWo pe- 

riods ſooner in this Table than in the firſt. | , 


TABLE 


y a. — 2 * 2 


dical Return of the Sun's Acligſe, 1/7, O/, Srile, A.D. 1704, from 
its felling right egainſt the Earth”, Center, till it finally leaves the Earth. 
7 58 . 1 time of vun's true Dit, Moon's true Latitude 
EN e Moog. ſrom the Node. South. 
— Month. D. H. M. 8. 8 5 South, 
e e —̃ — ee. 
30 1944 July 6 1 50 n 28 „ 
37 196 [[oly 18 5g 31 38/11 29 2 „„ 
38 [1580[July 28 7 18 NE ED 9 4. 
39 j19gtjAug, 8 14 12 22½1 27 26 8. 
10 201 /Aug. 18 21 14 53/1 26 42 8. 
+ [2034/1ug, 30 + 25 45½1 26 2 8. 
42 05 Cpt. 9 11 45 17/11 25 26 8. 
#3 eoOSept. 20 19 17 26011 24 5 5 8. 
++ zo Ot. xz > 37 9/1 24 27 8. 
45 1 hey 12 10 4> 39lig 24 4 8. 
| 46 T0 ng 22 18 37 40/11 23 48 8. 
7 2142 Nov. 3 2 56 19011 23 35 8. 
4 21e Nov. 13 11 11 n 8. 
24 19 36 14/11 23 18 8. 
4 % 23 3s + 8. 
16 12 35 48011 23 10 43 8. 
26 20 29 9143 mg jg 47 8. 
F 462 9/81 23 4 2: 8. 
17 14 14 8071 4 S. A. 
28 22 43 3411 22 8 8. A 
8 55 3071 22 44 44 S. A 
19 6 7 10011 22 31 I' SA 
. * 6 6 17 46 8. A F 
13 7. 59 tier by 55 29 A. oi 
23 Ig 51 59/1 21 39 40 8 1 
„ O 5 „A. 7; 
7-28 40011 20 26 22 . 15 
25 15 12 551 "7 47 92 . 5 
3 22 45 $43 I 2© 22 A. 15 
6 17 30071 18 27 16, A. 1 
13 46 29011 22 30 20 A. 2 
21 0 31011 16 $3 17 A. 1 
n A. 1 
on SD A. 5 
19 24 7 1311 A. 11 
2 52 3411 Ca: oY A. 13 
10 25 31/11 12 13 43/ 1 8 A. 4 
17 58 359j01- 11 . 1350 
y ve Motions of the du "+ Moon, and Nocte, wil Bre To 
-_ olf he Earth four Periods ſooner than it would haye done by dine 77 
able. Motions. ; 1 388K 
Heron. —— ͤv 5 
Wh: 
1 


each gerig. 


(c To 


1 
. T% 
Fob — 

W 
ere 


V 
* R 
* nf + 4 


Up ** 1 
vb — 


— — 


„ 
. "i Sd 
* Dr 

* 7 
* Se 
— — — 


a . > * * = 
* 8 n EY 


"bs rr * 
R . 
_ 


246 


From M-. 
G Sm1TH's 
Diſſerta · ĩon 
on Ecl'pſer, 
printed at 
Len don, by 
E. Cave, 
in the year 


1748. 


Of Eclipſes. 


ce To illuſtrate this a little farther, we ſhall exa- 
ce mine ſome of the moſt remarkable circumſtances 
* of the returns of the Eclipſe which happened 
ce July 14, 1743, about noon. This Ecliple, after 
« traverſing the voids of ſpace from the Creation, 
te at laſt began to enter the Terra Auſtralis Inceg- 
ce nita, about 88 years after the Conqueſt, which 
« was the laſt of King STEPHEN's reign; every 
ce Chalgean * period it has crept more northerly, 
ce but was ſtill viſible in Britain before the year 
« 1622; when on the goth of April it began to 
* touch the ſouth parts of Eugland about 2 in the 
c afternoon: its central appearance riſing in the 
e American South Seas, and traverſing Peru and 
« the Amazon's country, through the Ai/a;:tic ocean 
te into Africa, and ſetting in the Eibiopien conti- 
ce nent, not far from the beginning of the Red Sea, 

&« Its next viſible period was after three Chaldean 
* revolutions in 1676, on the firſt of June, riſing 
ce central in the Allautic ocean, paſſing us about 
*« in the morning, with four Digits eclipſed on 
ce the under limb; and ſetting in the gulph of Co- 
& chinchina in the Eaſt Indies. 

It being now near the Solſtice, this Eclipſe 
© was viſible the very next return in 1694, in the 
te evening; and in two periods more, which was 
«in 1730, on the 4th of Ju, was ſeen above half 


eclipſed juſt after Sun-rile, and obſerved both 


« at MWiltemberg in Germany, and Pekin in China, 
ce ſoon after which it went off. 

« Fichteen years more afforded us the Eclipſe 
* which fell on the 14th of Jaly, 1748. 

« The next viſible return will happen on July 
« 25, 1766, in the evening, about four Digits 
* eclipſed; and after two periods more, on Augyf 


* The above period of 18 years 11 days 7 hours 43 minutes 
20 ſeconds, which was found out by the CHaldeans, and by them 


called Saros. 
+ A Digit is a twelfth part of the diameter of the Sun et 


Moan, | 
11 6 16th, 
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« 36th, 1802, early in the morning, about five 
« Digits, the center coming from the north frozen 
« continent, by the capes of Norway, through 
«Tartary, China, and Japan, to the Ladrone 
«iſlands, where it goes off. 

« Again, in 1820, Auguſt 26, betwixt one and 
« two, there will be another great Eclipſe at London, 
« about 10 Digits; but happening ſo near the 
« Equinox, the center will leave every part of 
« Britain to the Weſt, and enter Germany at Emb- 
© gen, paſting by Venice, Naples, Grand Cairo, and 
« ſetin the gulph of Baſſora near that city. 

« It will be no more viſible till 1874, when five 
« Digits will be obſcured (the center being now 
« about to leave the Earth) on September 28. In 
« 1892 the Sun will go down eclipled at London, 
* and again in 1928 the paſlage of the center will 
ebe in the expan/um, though there will be two 
«Digits eclipſed at London, October the 3ift of 
«that year; and about the year 2090 the whole 
« Penumbra will be wore off; whence no more 
te returns of this Eclipſe can happen till after a re- 
evolution of 10 thouſand years. 

«From theſe remarks on the intire revolution 
* of this Eclipſe, we may gather, that a thouſand 
«years, more or leſs (for there are ſome irregula- 
*rities that may protract or lengthen this period 
* 100 years), complete the whole terreſtrial Phe- 
*nomena of any ſingle Eclipſe: and ſince 20 pe- 
*riods of 54 years each, and about 33 days, com- 
*prehend the entire extent of their revolution, it 
eis evident that the times of the returns will paſs 
through a circuit of one year and ten months, 
197 
* later, and of the equable appcarances about 32 
*0r 33 days. Thus, though this Eclipſe happens 
about the middle of July, no other ſubſequent 
*£clipſe of this period will return to the middle 
*of the ſame month again; but wear, conſtantly 
*each period 10 or 11 days forward; and at laſt 
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every Chaldean period being ten or eleven days 
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ce appear in Winter, but then it begins to ceaſe 


cc from affecting us. 


« Another concluſion from this revolution may 
e be drawn, that there will ſeldom be any more 
cc than two great Eclipſes of the Sun in the interval 
© of this period, and theſe follow ſometimes next 
ce return, and often at greater diſtances. That of 
© 1715 returned again in 1733 very great; but 
ce this preſent Eclipſe will not be grear till the 
« arrival of 18:0, which is a revolution of four 
ec Chaldean periods: ſo that the irregularities of 
ce their circuits muſt undergo new. computations 
ce to aſſign them exactly. 

« Nordo all Eclipſes come in at the ſouth Pole: 
ce that depends altogether on the poſition of the 
© lunar Nodes, which will bring in as many from 
© the expanſum one way as the other: and ſuch 
ce Eclipſes will wear more ſoutherly by degrees 
ce contrary to what happens in the preſent cale, 

c The Eclipſe, for example, of 1736, in Sep- 
© tember, had its center in the expan/um, and ſet 
cc about the middle of its oblcurity in Britain: it 
© will wear in at the North Pole, and in the year 
& 2c00, or thereabout,. go off in the expan/um on 
cc the ſouth fide of the Earth. 

ce The Eclipſes therefore which happened about 


ee the Creation are little more than half way yet 


ce of their ethereal circuit; and will be 4000 years 
ce before. they enter the Earth any more. 1his 


ce orand revolution ſeerns to have bcen entirely 


ce unknown to the ancients. | 

322. It is particularly to be noted, that Ecliples 
ce which have happened many centurics ago, will 
© not be found by our pretent Tables to agree ex- 
« actly with ancient obſervations, by reaſon of 
ee the great Anomalies in the lunar motions; which 
« appears an inconteſtible demonſtration of the 
© non-cternity of the Univerſe. For it ſeems con- 
© firmed by unceniable proofs, that the Moon now 


te finiſhes her period in leſs time than formerly, 


8 cc and 


Of Eclipes. 


« and will continue by the centripetal law to ap- 

te proach nearer and nearer the Earth, and to go 
« {9oner and ſooner round it: nor will the centri— 
« fygal power be ſufficient to compenſate the dif- 
« ferent gravitations of ſuch an aſſemblage of bo- 
« dies as conſtitute the ſolar ſyſtem, which would 


« come to ruin of itſelf, without ſome new regula- 


« tion and adjuſtment of their original motions* 
32. © We are credibly informed from the celti- 
«mony of the ancients, that there was a total 
« Eclipſe of the Sun predicted by nals to hap- 
« pen 1n the —— year of the 48th f Olympiad, 
1 either 


* There are two ancient Eclipſes of the ER recorded 
by Ptolemy from Hipparchus, which afford an undeniable proof 
of th» Moon's zuceteration. The firlt of thele was obſerved at 
Babylon, December the 224, in the year before CHRIST 383: 
when the Moon began o be eclipſed about half an hour betore 
the Son roſe, and the Eclipſe was not over before the Moon 
ſet: but by moſt of our Aſtronomical! Tables, the Moon was 
ſet at Babylon half an hour before rhe Ecliple began; in which 
caſe, there could have been no poſſibility of onferving it. The 
ſkcond E-liple was obſerved at Alexandria, September the 22d, 
the year before CHRIS T 201; where the Men tote fo much 
eclipled, hit the E lipte mult have begun about helf an hour 
before ſhe rote: « hereas, by moſt of our ables, the begin— 
ning of this Eclipſe was not till about ten minutes after the 
Moon roſe at Alexandria. Had theſe Eelipſes begun and 
ended while the dun was b-low the Horizon, we migot have 
im gned, that as the ancients hat no certain way of me: ſur- 
ing ime, they migat have been ſo far miſtaken in the hours, 
th. t we Could not have laid any ſlreſs on the accounts given by 
them. But, as in the firſt Ec! ple the Moon was ſer, and con- 
ſequently the Sun riſen, before it was over; and ia the ſecond 
Lenpie the Sun was fer, and the Moon not 4. till ſometime 
after it began : theſe are ſuch circumſtances as the obſervers 
pu not poſſibly be miſtaken in. Mr. Straył, in the follow- 

; Catal gue, notwithſtanding the exprets words of Ptolemy, 
pt cown theſe two Ecliples as obſerved at Athens; where 
Nev might have been ſeen as above, without any acc eleration 
* of the Moon? s motion: Athens being 20 degrees Welt of Ba- 
Y, and 7 7 degrees Welt of Alexandria. 

Lach Olympiad began at the time of Full Moon next after 
the Sum mer dolſtice, and faſted four years, which were of un- 
equal lengths, becauſe the time of Full Moon differs 11 days 
wery year: fo that they might ſometimes begin on the next 

day 
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Of Eclipfes. 


ce either at Sardis or Miletus in Aſia, where Tualig 


te then reſided, That year correſponds to the 
© c8cth year before Chriſt ; when according] 
&« there happened a very ſignal eclipſe of the Sun 
© on the 28th of May, anſwering to the preſent 
« 10th of that month“, central through Nori 
c“ America, the South parts of France, Italy, &c. as 
„ far as Athens, or the Iſles in the ÆAgean Sea; 
©« which is the fartheſt that even the Caroline Tables 
« carry it; and conſequently make it inviſible to 
« any part of Ma, in the total character; though 
e have good reaſons to believe that it extended 
« to Babylon, and went down central over that city, 
© We are not however to imagine, that it was ſct 


day after the Solſtice, and at other times not till four weckt 
after it, The firſt Olympiad began in the year of the }vlian 
Period 3938, which was 776 years before the firll year f 
Cnzisr, or 775 before the year of his birth; and the |: 
Olympiad, which was the 293d, began A. D. 393. At the 
expiration of each Olympiad, the Olympic Games were cele. 
brated in the Flean fields, near the river A/pheus in the Peli 
ponneſus (now Morea) in honour of JuriTER OTTurus., See 
STRAUCHIUS'Ss Brewiarium Chronologicum, p. 247 =251, 

* The reader may probably find it difficult to underlland 
why Mr. Sur ſhould reckon this Eclipſe to have been in the 
4th year of the 48th Olympiad, as it was only in the end of ihe 
third year: and alſo why the 28th of May, in the 585th year 
before ChyrisT, ſhould anſwer to the preſent 10th of that 
month. But we hope the following explanation will remove 
theſe difficulties, 

The month of May (when the Sun was eclipſed) in the 585 
year before the firſt year of CHRISTH, which was a Jeap-yer, 
fell in the latter end of the third year of the 48th Olympiad; 
and the fourth year of that Ohmpiad began at the Summer 
Solſtice following: but perhaps Mr. Suit u begins the year oſ 
the Ol;mpiad from January, in order to make them correſpond 


more readily with Julian Years ; and ſo reckons the month of 


May, when the Eclipſe happened, to be in the fourth year of 
that Olympiad. - 
The Place or Longitude of the Sun at that time was 8 29 
43' 17”, to which ſame place the Sun returned (after 230% 
years, wiz.) A. D. 1716, on May 94 5h Cn after noon: 0 
that, with reſpect to the Sun's place, the gth of May 1716, 
anſwers to the 28th of May in the 585th year before the firl 
year of Cyr1sT ; that is, the Sun had the ſame Longitude 01 

both rhule days. | 
ce befor 
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« before it paſſed Sardis and the Matic towns, 
« where the predictor lived; becauſe an inviſible 
« Eclipſe could have been of no ſervice to demon- 
« ſtrate his ability in Aſtronomical Sciences to his 
« countryMenzas it could give no proof of its reality. 

324. For a further illuſtration THucypipes 
«relates that a ſolar Eclipſe happened on a Sum- 
«mer's day in the afternoon, in the firſt year of 
« the Peloponneſian war, ſo great, that the Stars ap- 
« peared, Raopius was victor in the Olympic 
games the fourth year of the ſaid war, being alſa 
«the fourth of the 87th Olympiad, on the 428th 
«year before CHRIST. So that the Eclipſe muſt 
«have happened in the 431{t year before CyrisT; 
«and by computation it appears, that on the 3d 
ef Auguſt there was a ſignal Eclipſe which would 
have paſſed over Alhens, central about 6 in the 
«evening, but which our preſent Tables bring no 
« farther than the ancient Syrtes on the African 
«coaſt, above 400 miles from Athens; which 
«ſuffering in that caſe but g Digits, could by no 
means exhibit the remarkable darkneſs recited 
«by this hiſtorian; the center therefore ſeems to 
© have paſſed Athens about 6 in the evening, and 
* probably might go down about Jeraſalem, or 
© near it, Contrary to the conſtruction of the pre- 
ſent Tables. I have only obviated theſe things 
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by way of caution to the preſent Aſtronomers, N 
Ir, in re- computing ancient Eclipſes; and refer them 7 
d; to examine the Eclipſe of Nicias, lo fatal to the in 
+ * Athenian fleet“; that which overthrew the Ma- 9 


d cedonian Army r, Sc.“ So far Mr. Suru. 

of 325. In any year, the number of Eclipſes of both The aum- 
Luminaries cannot be leſs than two, nor more than 1 
10 even; the moſt uſual number is four, and it is 

z Very rare to have more than fix. For the Sun 

'o baſſes by both the Nodes but once a year, unleſs 
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he paſſes by one of them in the beginning of the 


year; and if he does, he will pats by the ſame Node 
again a little before the year be finiſhed ; becauſe 
as theſe points move 19; degrees backward every 
year, the Sun will come to either of them 17 daß 
after the other, & 319. And when either Nodeis 
within 17 degrees of the Sun at the time of Ney 
Moon, the Sun will be eclipſed. At the ſubſe. 
quent oppoſition, the Moon will be echipted in the 
other Node; and come round to the next conjunt- 


tion again ere the former Node be 17 degrees pal 


the Sun, and will therefore echpſe him again, 
When three Eclipſes fall about either Node, the 
like number generally falls about the oppoſite; as 
the Sun comes to it in 173 days atterward ; and 
ſix Lunations contain but four days more. Thus 
there may be two Eclipſes of rhe Sun and one cf 
the Moon about each of her Nodes. Butwhenthe 
Moon changes in either of the Nodes, ſhe cannot 
be near enough the other Node at the next Full 
to be eclipſed; and in fix lunar months afterward 
ſhe will change near the other Node: in theſe caſes 
there can be but two Eclipſes in a year, and they 
are both of the Sun. 

326. A longer period than the above mentioned, 
$ 220, for comparingandexamining Eclipſes which 
happened at long intervals of time, is 557 years 21 
days 18 hours 30 minutes 11 ſeconds, in which 
time there are 6890 mean Lunations : and the Sun 
and Node meet again ſo nearly as to be but 11 fe 
conds diſtant; but then it is not the ſame Eclipſe 
that returns, as in the ſhorter period above men- 
tioned, . 

327. We ſhall ſubjoin a catalogue of Eclipſcs 
recorded in hiſtory, from 721 years before CHRIST 
to A. D. 1485 ; of computed Eclipſes from 1453 
to 1700; and of all the Eclipſes vitible in Eur! 
from 170 to 1800. From the beginning of the 
Catalogd@to'A. D. 1485, the Ecliples are taken 


from STRUYK's Iutroduclion to univerſal Geograps), 
as 


© aA c iþ,, nn © -=«© 


— — cog, | | EF 


cn wa . 7, 
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as that indefatigable author has, with much labour, 
collected them from Ptolemy, Thacydides, Plutarch, 


Calviſius, Xenopoen, Di:dorus Siculus, Juſtin, Poly- 


ling, Titus Livius, Cicero, Lucanus, T heophanes, Di- 
en Caſſius, and many others. From 1485 to 1700 the 
Eclipſes are taken from Ricciolus's Almageſt: and 
ſrom 1709 to 1809 from L' Art de verifier les Dates. 
Thoſe from $/ruy/ have all the places mentioned 
where they were obſerved; Thoſe from the French 
authors, v2. the religious Benedictines of the con- 
cregoation of St, Maur, are fitted to the Meridian of 
Peris: And concerning thoſe from Ricciolus, that 
author gives the following account: | 

« Becaulc it is of great uſe for fixing the Cycles 
or Revolutions of F.clipſes, to have at hand, with- 
out the trouble of calculation, a lift of ſucceſſive 
Eclipſes for many years, computed by authors of 
Erbemerides, although from Tables not perfect in 
all reſpects, I ſhall, for the benefit of Aitronomers, 
give a ſummary collection of ſuch, The authors I 
extract from are, an anonymous one who publiſhed 
Epbemerides from 1484 to 1506 incluſive: Jacobus 
Ptlaumen and Jo.Stzflerinus, to the Meridian of Ulm, 
from 1507 to 1534: Lucas Gauricus, to the Lati- 
tude of 45 degrees, from 1534 to 1551: Peter 
Appion, to the Meridian of Leyſing, from 1538 to 
1578: Jo. Staflerus, to the Meridian of Tubing, 
tom 1543 to 1554: Petrus Pilatus, to the Meri- 
dian of Venice, from 1544 to 1556: Georgius Joa- 
chimus le hett cus, for the year 1751: Nichelus Simas, 
to the Meridian of Bologna, trom 1552 to 1568: 
Michael Matin, to the Meridian of Jug, from 
1557 to 1590: Jo. Stadius, to the Meridian of 
Antwerp, from 1554 to 1574: Jo. Antcninus Magi- 
us, to tne Meridian of Venice, from 1581 to 1630: 
David Origan, to the Meridian of Franckfort on the 
Oder, from 1595 to 1694: Andrew Argol, to the 


1 . . . 5 * . - 
Meridian of Rome, from 1630 to 1700: Francijcus 


1 . "22 1 
Meonteb; anus, to the Meridian of Bo/ogna, from 1461 
to 1660: Among which, Stadius, Mejtin, and Ma- 
ginus, 
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Of Et ligſes * 


ginus, uſed the Prutenic Tables; Origin the Pruy. 
nic and Tychonic ; Montebrunus the Lanſbergian, 2 
likewiſe thoſe of Durat. Almoſt all the reſt the 
Alphonfine. 

But that the places may readily be known {4 
which theſe Eclipſes were computed, and from why 
Tables, conſult the following Liſt, in which the 
years inc/ufjve are allo ſet down. 


From To | 

1485 1506 The place and author unknown, 

1507 1553 Um in Suabia, from the Alphonſine. 

1554 1576 Antwerp, from the Prutenic. 

1577 1585 Tubing, from the Prutenic, 

1586 1594 Venice, from the Prutenic. 

1595 1600 Franckfort on the Oder, from the Pry. 
tenic. 

1601 1640 Franckfort on the Oder, from the 7. 
chonic. | 

1641 1660 Bologna, from the Lanſbergian. 

1661 1500 Rome, from the Tychonic.” 


So far RiccioLvs. 


N. B. The Eclipſes marked with an Aſteriſk ar 


not in RiccioLus's Catalogue, but are ſupplied 
from L' Art de verifier les Dates, 


From the beginning of the Catalogue to A. D. 
1700, the time 1s reckoned from the noon of the 
day mentioned to the noon of the following day: 
but from 1700 to 1200 the time is ſet down ac- 
cording to our common way of reckoning. Thoſe 
marked Pekin and Canton are Eclipſes from the 
Chineſe chronology according to STRUYK ; aud 
throughout the Table this mark & ſignifies dn, 
and this Moon. 


STRUYKS 


Of Eclipſes. 
STRUYK's Catalogue of ECLIPSES. 


Pet. [Eclipſes of the Sun Middle Digits | 
Chr. 1 ſeen at |. . 2 H. M cb ? 
— — __ __—— — = 
721|]Babylon Dd [March 19 10 34 Total J 
„c Babylon D March 8011 56{x 5 | 
| 72c[8abylon Sept. 1010 185 4 9 
621 Babylon D April 21018 22 2 38 1 
52 Babylon » July 16112 4717 24 * 
zo. abylon [Nov. 19/12 2101 52 fl 
49 Babylon D April 25112 12| 1 44 | 
43i|Arhens Aug. 3] 6 3511 of. | 
4:5\Athens [OG. gf 6 45| Total i 
4240 Athens March 200 17] 9 © i 
-41:|\thens Aug. 27/10 15] Total 1 
400) Athens April 15] 8 go] Total $ 
404|:\thens Sept. 2/21 128 40 i 
403jPekin Aug. 28] 5 300 40 "8 
394;Gnide Aug. 13/22 17/11 0 7 
3830 Athens U Dec. 22 i 2 0 : 0 
382|Athens June 18] 8 54/6 15 J/ 
382!\Athens Þ|Dec., 1210 210 Total ä 
36% Chebes July 12123 510 6 10 {0 
357 Zyracuſe beb. 28/22 — 3 33 q. 
35 ZZant Y |Aug. 20] 7 2914 21 9 
340 Zant (Sept. 1418 — 9 © 1 
;31]Arbela | Sept. 2oſto gl Total : 
z3lojSicily Iſland Aug. 14/20 5/10 22 
219 Myſia ) {March 19014 5 Total | 
215 kergamos Sept. I tiſing | Total 
Sardinia Feb. 111 57] 9 6 
203/Frulini GiMay 6/2 52 5 40 
202 Cumis Oct. 18j22 24 1 o© 
25 10/Athens D jSept. 227 14] 8 58 
200 Athens Y March 1913 9 Total 
| 200' Athens þ [Sept. 1114 48 Total | 
19% Rome Aug. 6 | 
90 Rome March 1318 —l\11 0 
IS Rome July 76020 3800 48 
| 174/Athe-'$ D April 3011s 3317 1 
| 105 Macedonia DJane 218 2 Total 
| 141;Rhodes Jan. 2710 8 3 26 
| 7 jon £/July 18022 0111 52 
z Rome Oct. 276 220 Totai 
| to Gibraltar March 16 ſetting [Central] 
| 54 Canton ©\May 9 3 41] Total 
Fl Rome March 7 2 12 0 
Is Rome (Jan. 18jto of Total 
45 Rome Nov. 2 — Total 
306 Rome 5 : May 191 3 52 6 47 
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STRUYX's Catalogue of ECLIPSES, 


Bef. |Ecliptes ot the Sun Middle Dig 
Chr. 0 {een — |]. ” b. H. M. Dig 
| n ende 
31 Rome 7 Aug. 20 letting G. EC 
29 Canton Ia. 5 4 2 0 
28 Pekin $\June 1523 48 Total 
26 Canton Oct. 23 4 16/11 1; 
24 Pekin April 7 4 112 © 
16 Pekin — 1 £30 2-2 
2 Canton 1 Feb. 1120 >[11 42 
Aft. 
Chr. 
| 1 Pekin ſune 100 I 10011 43 
5 Rome March 28 4 130 4 45 
14 Panonia Sept. 207 1, Total | 
, Canton Jolly 2208 56 Total 
30 Canton Nov. 13/19 2010 30 
0 Pekin April 30; gol 7 34 
45 Rome C July 3122 I's. 17 
46 Pekin &-|July 210z2 25] 2 10 
46 Rome Y Dec. 3109 52] Total 
40 [Pekin S⁰⁰ 20| 7 16110 
| 53 Canton OI March 8120 42011 a 
55 Pekin £:'July 12]21 500 6 4c 
56 Centon & Dec. 25 0 289 20 
59 Rome £& April 30] 3 8/10 39 
60 Canton $ Ot. 13] 3 41110 30 
65 Canton Dec. 1521 500/10 23 
Eg Rome Oct. 1810 43/10 49 
70 Canton Sept. 22 z1 13 8 26 
71 Rome ) March 4/8 326 o 
95 Epheſus {+ May 21 1 of 
125 Alexandria April 59 1601 44 
133 Alexandria ) May 611 4 Tote! 
134 Alexandria ) Ott. 2011 510 19 
136 Alexandria D March 515 50/7 17 
237 Bologna 6 April 12 — Total 
238 Rome £ April 120 208 45 
290 Carthage © May 15] 3 20/11 20 
304 Rome » Avg. 31 9 36! Total 
316 Conſtantinople $+ Dec. 30/19 53] 2 18 
334 Loledo t July 17/at noon[Central 
(345 |Conftantinople £:: Oct 8:19 248 o 
300 Iſpaban i Aug. 2718 o Central 
364 Alexandria Y Nov. 2515 24 Total 
401 Rome ) June 11 Total 
401 Jome Y Dec. 612 15 Total 
402 Rome Dune 18 4310 2 
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$TRUYK'S Catalogue of ECLIPSEsS. 


Aft. Eclipſes of the Sun Middle. Digits 
Chr. 1 ſeen at M. & D. H. M. fe 
40 Rome Nov. 1020 33110 30 
447 Compoſtello - [&]Dec. 23 0 46] 1 — 
451 Compoſtello April 1/116 3419 52 
45 Com poſte l lo Sept. 266 300 2 
458 Chaves [May 27/23 16118 53 
402 Co m poſtello DI March 1/13 2011 11 
464 Chaves July 1919 1;jlo 15 
| 484|Conſtantinople Jan. 13119 530/10 
486|Conſtantinople May 19 1 10 5 
40% Conſtantinople April 18) 6 517 
512|Conſtantinople June 28/23 8 
538/England Feb. 1419 — 8 
540, London one 1920 15/8 
577) Tours Dec. 107 286 
584/Paris April 4/13 33] 6 42 
582 Paris Dd |Sept. 17/12 41 Total 
590 Paris 15 O. 180 6 309 25 
592 Conſtantinople March 18½22 610 « 
603 Paris Aug. 123 311 2 
622 Conſtantinople D Feb. 11 28¼ Total 
644 Paris Nov. 5 O 309 53 
680 Paris ) June 1712 3e Total 
683 Paris April 1611 30 Total 
693]Conſtantinople [ OGtdt. 423 54/11 5 
716|Conſtantinople DjJan, 137 — Total 
718/Conſtantinople June 3| 1 15 Total 
733]England Aug. 13/20 — 11 
734 England ) Jan. 2314 — Total 
772 England July 30113 —| Total 
753]England June 822 — 110 35] 
75 England Dan. 23/13 — Total 
bo England Aug. 15 4 — 8 15 
760]/London Aug. 30! 5 5010 4 
 7604|England une 4/at noon| 7 15) 
 730|/London DjFeb. 14 7 12 Total 
774 Rome D Nov. 2214 37/11 58 
784 London | Nov. 114 2 Total 
787 Conſtantinople sept. 14/20 43] 9 47 
790 — » March 27116 22 Total 
oo Rome Dan. 1 010 1 
| 307/Angouleſme S Feb. — . 249 * 
Soy Paris Feb. 2513 43 Total 
soy Paris | D|Aug. 21/10 20 Total! 
2 July 15/21 33j 8 8 
dog Paris [DDec. 258 — Total 
| Sto\Paris | 1 5 Jone 20 8 — Total 
I STRUYK'S 
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Srgurx's Catalogue of ECLIPSES, 


Aft. Eclipſes of the Sun no |Middle| Digits 
Chr. ind didn ſeen at . & D. H. M. eie 
810 Paris Nov. 30 © 12 Total 
| 810|Paris Dec. 1448 — Total 

812|Conſtantinople May 14] 2 13] 9g — 
813|Cappadocia May 317 50/10 36 
817 Paris D Feb. 5 5 42 Total 
818|Paris [Joly 6118 — 6 2 
8200Paris D Nov. 23] 6 26 Total 
824Paris March 18] 7 55 Total 
828|Paris D [June g3oſt15 — Total 
| 828 Paris Dec. 24013 45] Total 
831 Paris D April 300 6 19011 i 
$31/Paris _ May 15j23 —| 4 24 
| 831/Paris D|OA. 24/11 18] Total 

832 Paris D [April 18] g of Total 
| 840'Paris E May 423 2209 20 
| 841|Paris . Oct. 17118 580 5 24 
1842 Paris ) March 29014 38] Total 

843 Paris March 19] 7 1 Total 
8610Paris | ) |March 2g|i5 7 Total 
878|Parts Oct. 14116 — Total 
878 Paris [Oct. 29 1 — 11 14 

883 Arracta DijJuly 23] 7 4411 
} 889|Conſtantinople [April 31179 5209 23 
1 891|Conſtantinople Aug. 7/23 48110 30 
{ got{Arratta Aug. 215 Total 
9goꝗ London |) | May 3101 47 Total 
904. London Nov. 2589 O Total 
912 London Dan. 6/15 12 Total 
926 Paris D {March 3115 17 Total 
934 Paris April 166 4 30011 36 

939|Paris . july 18/19 45/10 7 
955 Paris | Þ Sept. 411 18 . 
961[Rhemes May 16/20 139 

970 Conſtantinople May 718 38011 27 

976 London D Jaly 13115 7 Total 

985 Meſſina July 20] 3 $2] 4 10 
g989|Conftantinople May 28 6 54/8 49 
99 Fulda |) jApril 120 229 $5 
99. [Fulda oa. Glug 4 1 Iv 

} g9go[Conſtantinople . Oct. 21] o 45j10 8 
995 Augſburgh 7 July 14/11 27 Total 
tool Ferrara | DOS. 6j11 38 Total 

1010]Meflina March 18] 5 41 9 13 
11016]Nimeguen Nov. 16016 39 Total 

1017 Nimeguen 6 Oct. 222 i 9 
10. Cologne DlSept. 41 38 Toral 
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Srxuvk's Catalogue of ECLIPSES. 


Of Eclipſes. 


Aft. Eclipſes of the Sun Middle Digits 
Chr. — ſeen at M. & D H. M. ecligted | 
1023;London 7. 23/23 2911 —| 
iozo Rome Feb. 20011 43 Total 
1031 Paris Feb. 9/1 51 Total 
103; Paris Dec. 8011 119 17 
1034 Milan |) June 49 g Total | 
1037 Paris April 17/20 45/10 45 

1039| Auxerre Aug. 21023 4o{ll 
1042 Rome Jan. 816 39 Total | 
1044 Auxerre Nov. 7 16 12:10 I 
1044 Cluny Nov. 210z2 1211 — 
1056/Nuremburg d [April 2/12 Total 
lob z Rome | Nov. 812 18 Total 
1074 Augſburgh Oct. 7/10 13} Total | 
1080|Conſtantinople Nov. 2911 12| 9 36 
ſiogz London DMay 14/10 3210 2 
| |1086|/Conſtantinople. % Feb. 16] 4 7 Total | 
1089/Naples ) June 25] 6 6| Total 
iog z Augſburgh Sept. 2222 3510 12 
1096/Gembluors Feb. 10116 4] Total 
1096] Augſburgh | Aug. 6| 8 21 Total 
ſiogs Augſburgh SDbee. 25] 2 a5| © 12 
logg Naples Nov. 30] 4 58 Total 
oz Rome ) Sept. 1710 18] Total 
106 Erfurd D July 1711 28011 54 
110% Naples Jan. 10013 160 Total | 
1109 Erfurd May 310 1 30010 20 
io London Þ|May 5/10 510 Total 
1113 Jeruſalem March 1819 f 9 12 
111 London Aug. 17/15 Total 
11 Triers June 15/13 28 Total 
1117 Triers DjDec, 10012 510 Total 
1120 Naples Nov. 2915 46 11 
11210 Triers Sept. 2716 87] Total 
1122 Prague „March 24% 1 2003 4% 
11240 Erfurt {D|FebeÞe 16 4318 39 
1124 London Aug. 10/23 29 58 
1132 Erfurd ) March 3 8 14 Total 
133 Prague | Þ \Feb. 2016 413 23 
1135 London D Dec. 22 20 110 Total 
1142 Rome Feb. 1114 17] 8 30 
[1143 Rome [D Feb. 16 36 Total 
114% Auranches [Oct. 25022 38 7 20 
1149 Bary Y [March 2513 54 5 29 
[151|Eimbeck Aug. 28012 44 29 
153/Augiburgh Jan. 2600 4211 — 
[1154 Paris June 26016 1 Total | 
> 2 STRUYK'S 
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CLIPSES. 


„ A IMiddleſ Dipir 
M. & P. Fi. M.ſeclipi 


| 


” 
— 


11 


1162 
1163 
1164 
1168 


1176 


1178 
1178 


1179 
1180 


1181 
1181 
1185 
1186 
1186 
1487 


(1187 


1189 
1191 
1192 
1193 


1194 
1200 


1201 
1204 


11204 


1207 
1208 
1211 


1216 


11216 5 
1218 Damiëtta 


1222 
1223 
1228 


115A Paris 
1155|Auranches 


Rome 


1161j]Rome 
11162|Erfurd 


Erfurd 
Mont Caſſin 
Milan 
London 


I 172/Cologne 


Auranches 


{1176 Auranches 


Cologne 
Auranches 


11 78 Cologne 


Cologne 
Auranches 
Auranches 
Auranches 
Rhemes 
Cologne 
Franckfort 
Paris 
England 
England 
England 
France 
France 
London 
London 
London 
England 
Saltſburg 
Rhemes 
Rhemes 
Vienna 


215 Cologne 


Acre 
Acre 


Rome 
Colmar 
Naples 


1230 Naples 

230 London 

| 1232 Rhemes 
— 


GSS SS SSS S SSS 


= 


—_— 


Dec. 
June 16 
Aug. 18 
Aug. 7 
Feb. 1 
Joly 27 


6 
18 


June 
Sept. 
Jan. 
April 25 
Oc. 19 
March 5 
Aug. 29 
Sept. 12 
Aug. 18 
Jan. 28 
July 13 
Dec. 22 
May 1 
April 5 
April 20 
March 25 
Sept. 3 
Fed. £2 
June 23 
Nov. 


April 22 
Jas. 2 


june 17 
April 15 
Oct. 10 
Feb. 27 


Feb. 2 
Nov. 21 


Feb. 18 


_—_—_— 


July 3] 7 


20 
Nov. 10 


March 16 5 


10 51 


94 4 


2 
O 


| Total 


5 86 
4 li 
1 
Total 
Total 
3 


8 53 
7 57 
5 31 


Total 
10 30 
3 48 
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Of Eclipſes, 
STRUYK'S Catalogue of ECLIPSES, 


TW 


Aft. Eclipſes of the Sun _ 171, |Maiddle| Digits 
Chr, nd Moon ſeen at M. 4 P. H. M. eclipſed! 
124% Rhemes t July 24017 We, 
— London June 78 2 Total 
1255 London D|july 20] 9 47] Total 
1255|/Conftantinople Dec. 3o| 2 52[Annul 
1258|Augſburgh D|May 1811 17| Total 
12610 Vienna March 31022 40 2 8] 
1262 Vienna ID March 7| 5 50 Total 
1262 Vienna Aug. 30 1 39] Total 
1263 Vienna Þ {Feb. 246 5216 2 
1263 Augſburgh Aug. 5| 3 24/111 17 
1263 Vienna D Aug. 20] 7 359 7 
1265 Vienna Dec. 2316 25 Total 
1267 Conſtantinople |{©|May 24/23 1/1 4 
1270 Vienna Ie March 2218 47/10 4 
1272 Vienna Aug. 10] 7 27] 8 53 
1274 Vienna an. 23/10 399 25 
1275 Lauben DDee. 46 20 29] 
12760 Vienna 2 Nov. 2218 — otal 
1277 Vienna DIMay 18 Total“ 
1279 Franck fort &April 12] 6 55/10 6 
1280 London DIMarch 17/12 120 Total 
1284 Reggio Dec. 23/116 1109 13] 
1290 Wittemburg Sept. 519 37110 30 
12910 London Feb. 140 2 Total 
1302 Conſtantinople D Jan. 1410 25| Total 
1307 Ferrara April 222 18] o 54 
zog London )j]Feb. 247 44] Total 
zog Lucca [D Aug. 2100 32 Total 
z io Wittemburg Jan. 31] 2 2010 10 
1310 Torcello »]Feb.. 144 8/10 20 
1310. Torcello Aug. 1lojls 337 10 
1312 Wittemburg July 419 493 23 
1312/Plaiſance Dec. 147 19 Total | 
1313 Torcello Dec. 38 589 34 
13100 Modena DOG. 14 55 Total 
13210 Wittemburg lune 25/18 111 17 
1323 Florence DIMay 20015 24 Total 
| 1324|Florence 2 May 9 6 3 Total! 
1324 Wittembu April 23] 6 358 8 
1327 Conſtantinople D Aug. 3118 260 Total 
328 Conſtantinople DFeb. 25/13 4711 — 
330 Florence June 30015 1007 34 
330 Conſtantinople July 16 4 5/10 43 
1330 Prague Dec. 25/15 49] Total 
[1331 Prague Nov. 29/20 20] 7 41 
1331 Prague | Dee. 1418 —11 — 
8 STRUYK'S 
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Of Eclipſes, 
STRUYK'S Catalogue of EC LI PSES, 


Att. \Ecliples of the dun] | 7, |Middle] Dipi 
Chr. and Moon ſeen at. . & D. H. M. echbleg 
1333] Wittemburg May 14] 3 —10 18 
13340 Ceſena April 19010 33 Total 
13410 Conſtantinople ) [Nov. 23/12 23 Total 
13410 Conſtantinople ſehDec. 822 1516 30 
1342 Conſtantinople ) | May 20014 27 Total 
1344/Alexandria Oct 6118 40 8 55 
1349 Wittemburg June 30/12 20| Total“ 
1354 Wittemburg [Sept. 16020 4508 4; 
1356 Florence 3 Feb. 16011 43 Total 
13610 Conſtantinople Ma) 4922 1568 54 
1367/Sienna » — 16] 8 27 Total 
1389 Lugibio Nov. 317 5 Total 
1396 Augſburgh Jan. 110 10,6 22 
1396 Augſburgh | )iJune 211 10| Total 
399 Forli Oct. 29 © 43 9 — 
1406 Conſtantinople Dune 1013 —10 31 
1406 Conſtantinople June 15118 11 38 
1408 Forli On. 18021 479 3% 
1409 Conſtantinople &\April 15 3 1110 48 
11410|Vienna March 2001 13 Total 
1415 Wittemburg d une 6 8 43] Total 
1419 Franckfort March 2522 5 1 45 
14210 Forli D Feb. 17] 8 2 Total 
1422 Forli DFeb. 6|-8 261 7 
1424 Wittemburg June 260 3 5711 20 
1431 Forli {&:|Feb. 12 2 4 1 39 
1433 Wittemburg June 175 — Total 
14380 Wittemburg „Sept. 18020 598 7 
1442 Rome [DDec. 17] 3 59; Total 
14480 Tubing Aug. 28022 23 8 53 
1450 Conſtantinople I) July 24] 7 19 Total 
1457 Vienna Sept. 311 17 Total! 
1460 Auſtria DjJoly 37 35 23 
146c|Auſtria ſuly 17|17 32111 19 
1460 Vienna Dec. 27/13 30 Total 
1461 Vienna ) June 22111 50 Total 
1461 Rome D Dec. 17 Total 
1452 Viterbo ) June 115 —| 7 38 
1462 Viterbo Nov. 2100 100 2 © 
1464 Padua {D April 2112 43] Total 
1465 Rome sept. 2005 15/8 46 
1465 Rome DOH. 45 12) Total 
1469 Rome U _ 27 7 9 Total 
1485|Norimburg Ie March 16 3 I _ 
I RE +, All 


Of Eclipfes.  _- 3 


All the following ECLIPSES are taken from Ric- 
c1o0LUS, except thoſe marked with an Aſteriſk, which 


are from L' Art de verifier les Dates. 


1503/3 March 12! g —!| * 1525 ) Dec. 2910 46| Total 


a ws * 
— 22 


A Middle Digits [| Ate, | | Miaateſ Di gits F-1 
[obs M. & P. H. M. eclipled [Chr. M. & D. H. M. bee * 
14860) Feb. 18] 5 41 Total |[1508|&:|May 29 6 — * k 
486% March 5/17 43] css Done 1217 40f Total | of; 
1487] D{Feb. 715 49 Total [150g] Þ June 2[11 11{| 7 9 jt 
148% luly 202 67 © 1509]£3|Nov. 11222 —| * 41 
14880 ) Jan. 28 6 — * 1510] DJOA. 16019 — * ; Wy 
1188/{|July 8017 30 4 ofjfl511| DJOR. G11 50 Total 4 
1489] Dec. 7117 410 Total 15 12) [Sept. 25] 3 56 Total 4 
1400 May 19 Noon | ® 15 13% [March 70 306 o 1 
1490] )/ June 20 6 Total j|1513/f#]July 30 1 — * 2 
1490, ) Nov. 26018 25 Total 1515) an. 29/15 18 Total 1 
1491.4:|March 8 2 199 15160 Jan. 196 » Total 4 
1491! Nov. 15/18 — * i516|DjJuly 1311 37 Total 1 
1492 U April 26 7 — * 15 160 [Dec. 23 3 47] 3 of * 
4% Oct. 2023 — 1517 lune 18016 * 1 
1403 5 April 14 o Total 15 17 ) [Nov. 2719 — * * 
140; % Oct. 10 4008 0/1518 ) /\May 2411 19 9 11 HE 
0 % March 7 4 12 4 015180 [une 717 551 0 5 
1494) Y March 064 380 Total 1519. May 28 1 _ 6 [ oy 
1494] ) Sept. 14/19 45 Total 1519/65 Oct. 23] 4 33} 6: © oz 
1295] Þ \March 1016 — * 1519 Þ Nov. 66 6 24 Total $48 
1% O aug. 19/17 . 120% D Nix 27 —|* 1 
4960) Jan. 2914 — ® 1520 % Od. 115 24 3 14 
1497] ) Jan. 18 6 38 Total 15 20 'OR. 2819 : 1 
een 29] 3 2 3 eee March 21117 —| * 55 
1499, 0 June 227 — * 1521 G April 619 — * a 
1499 % dug. 2318 — * 1521 £51 Sept, 30 3 —| ® #5 
1456] Nov. 1710 —| ® 1522 ) Sept. 5½2 17 Total HY 
1500, March 27; In the! Night 15230) March 18 260 Total | bi 
lzco! } Apnl 11 At] Noon 152300 D Abg. 25 15 24 Total] * 
500 Oct. 514 2:10 0 1524 Feb. 4 1 — * | KY 
1501, May 217 49 Total 1524) Aug. 1616 —| * 7 
7 [| 3M 
1502 * Sept. 30 19 45 10 O 1525 £5 Jan, 23| 4 — * WH 
0 ) Oct. 15/42 200 2 of1525|) July 410 10| Total 95 
1 


. „ b. 


3 9 
r 
y - = FI". 7 
1 * r . 


Þ 

| — © Sept. 19%2 — 15200) Dec. 18/10 30 Total 
) Feb. 29/13 36 Total 1527 lan. 23 — 8 | | 
59/0 arc 16] 3 —| © 1527 DDec. 710 — ® 74 
507 5 aug. 14 8 18 Total 1528 May 17/20 — * 1 
2 eb. 7115 wn] ® i529} DJOtt. 16/20 23/11 55 1 
7 % July 200 3 11] 2 65300 [March 28/18 23} 8 4 1 
550 „og. 20 —| ® 15300 Dock. 612 11] Total | 1 
Fes Jan. 1219 — * 1531] D April 167 — ® | +3488 
l5081$:\Jan, 1 1532 Aug. 30 2 1 
8 4 Reicclorus's 1388 
1 
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Of Eclipſes. 


RiccioLvs's Catalogue of ECLIPSE 8. 


Middle] Digits Aft. A |Middlel Dj 
IM. & P. f. a lectigfed Ch]! . 4 P. M lei 
D jAug. 11 50 Total 15 56% Nov. of 4 
Aug. 9 [556] ) [Nov 44 
Jan. 1 42 4 45/1557] O08. mw} 0 
Jan. 14 25 Total 15580 D) April 9 30 
June Noon | * 155813 April — . 
| ) [July 8 —| * 1559] Þ [April 50 Total 
Dec. 2 21 * 15600) March 49] 4 13 
{June 2 28 o/ 560 Aug. o| 6 
DNov. 274 6 21010 15|156c| Þ |Sept. — * 
D [May 8 3 Total 15608: Feb. — 
June 8 — * 1562 Feb. — * 
D Nov. 4 50 Total 1562) July 500 Total 
D [May 14 24] 3 011563] Jan. ual 
Nov. | 5 3i| 3 371562] une 50 8 38 
{April 8] 4. 33] 9g 91563) July 4111 5 
April 7 15 Lotal 56s [March 7 53— 
D |March 11016 34 Total |1565| May — 
Aug. 210 50 3 1565/0 Nov. 46011 
March 108 46/1 38| 1566] ) |O&, 380 Total 
D | July 16 — * 150% Dc. 43] 2 
Jan. — 13] Total | 15680 March 28 — 2 
Jan. 21 1611 17]1569, ) |March 2 18; Total 
Þ [July 8 31] Total 15700) Feb. 46 Total 
Dec. 18 27] Total 157% Aug. 17 Total 
june 20 48 3 4515710 [Jan. — 
Dec. 18 — * 1572 lan. — # 
May 5 — * 1572) [June of 5 26 
Nov. 23 — * 1573 [une — 
D May 10 278 073 Nov. — 
DOct. 4 56611 341573!) Dec. 510 Total 
Nov. 2 99 30 1574 Nov. 50 5 2 
April 3 — 2 1575 May — 6 
D April 11 24 Total ||1575|£|Nov. — * 
5 April is 192 0/1576 DOct. 45 — 
D R. 6 — * 1577 D [April 33 Total 
March 16 20 —=| ® 1577] D [Sept. 4 Total 
U Feb. 8 21] Total ||1578; Þ Sept. 42 20 
Aug. 2 1 5215790 Feb. 41083 
Jan. 22 54 1 225790 Aug. 0 ® 
July 7 * 15 800 Jan. 7 Total 
July 16 of © 31058200 Jan. 22 Total 
june 6 — © 15810 ) {July 51] Total 
Dec. 13 7ſto 1201582 D Jan. 29 0 53 
5D June 15 ꝙ Total 1582 0 [June 5 7 
43 [Nov. 19 — 6 1583 Nov 51 Tots] 
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| Rieetouus's Catalogue o of ECLI PSES. 
3 (4 "1 |M.dalc Digits 
Middle Di ia Att. : : 
M. & D. H. H. lipſed |Chr, M. & D H. M. cel 
| 8 | 3 — 

3s 8 = ee 61/1601] lone 15] 6 18] 4 52 
84 D Nov. 17/4 15 D 6010 53 
1585 = gan 131 5 9 6 54 16010 Dec. 240 2 46 952 
1585 D a oF” — 8 — * 1602 May 21 Greenl. 2 41 
15 OK. 12] Noon | 100 0 [June 4 7 18] Teral 
$69 Se t 16] 9 2810 2 i602} Jone 19 N. Gra. 5 43 
52905 1 2601 2301 16 Nov. 130M gel a 
oe 5 Merch 12 14 14] Toral [1602] Þ Nov. 28010 WW. 1 
158805 — 4117 30 Total |[1603]{3|May 10fChira {11 
1586] Þ *. x 108 —| * —|1603]j)|May 241 41} 7 
589.0 * 2518 1/3 45 [1603/6 Nov. 3IRom. 1.11 
1589 » ges | 3 — 11003] Nov. 18] 7 31] 3 
129000 N To 3 17 4| 3 54604“ April 200 Arabia] g 
00 e Jah 30lig 57110 27 1604|%; Oct. SY Peru | 6 
* » pe 9 6 21] 9 40/1605 D [April 30 1911 
1591 , — 665 8 Total 1605 S April 18 Mad ag] 5 
551% July 200% 2/1 ofs Sept. 27] 4 27] 9 
1591 d le. 29116 11] Total 1605 Oct. 12] 2 32] 9 
1591 95 5 2410 13] 8 58 March SI Mexico] 5 
65 5 bee. if 7 24/5 541606 »|Marcb 24% 170 T 
Kt May 30] 2 3o| 2 38160000 Sept, 2 1 6 
—.— Ma 19114 58010 23 16006|{3/Sept. 2{Magel, 6 
1594 ) OR 2019 15 9 40 16000) Sept. 16 15 6 1 
. April 9 Ter. de Fuego 1607 Feb. 2521 4801 
99, April 24] 4 12| Total ||1607 W March 13] 6 36| 1 
n SI's 40% 4 
155 4 3] 2 44 5 18 1608 Feb. I;! at the An 
1970. 18/20 47 Total [1608] ÞfJuly 27 © 30} 1 

% March 2819 Tal Chili 1608/6 Aug. 9/4 39) © 
6505 ril 12] fz 6 609 5 Jan. 190.5 . BR 
blo Se; b. 21 Io] China 60g e beb. 4 Fuego, 5 
696 5 Of. 6 15 3 331409 Johr 16112 8| boa 
597 © March 1051 Pet.“ Ifle ||1609/{2|july z Canada + 
97 Sept. 11 — 9 49 $009 {i Dec. 26 1 T f 
15980) Feb. 20j18 12010 551610, } Jap. g| 1 Jy 7 
698 0 March 6/22 1211 713610 2 June 20| Java |10 
1698 ) Aug. 16] 1 15| Total 101 D July 56 58/41 
658“ Ogg. 31/Magel.| 8 34|161|&|Dec. 15 Cyprus 4 
1599) Feb. 1c|18 210 Total [1610] Dec. 29116 47 4 
1590 oh 22] 4 318 181611 { June 10}Calitor 30 
1399 ) Aug. 6 Total 1612 ) May 14.10 38 7 as 
1600 £/Jan. 15] Java. [11 4816120 [May 2923 38 1; 
1600 J Jan. 6 40 2 58/1612] )|Nove 8 3 22 49 
1600/E\[uly — 2 100 5 39/1612 Nov. 22 M- gel. 8 
601 Olen. 4/Echiop 9. 10612 OlApril zc lage] ianica 
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a Riccforus's Catalogue ol E C — SES, 
Miadle Digits Aft. . & D. [Miadle] Pig 
2% M. & b. 8 M. eclipſed br. 8 . * H. M. ecſipſe 
N | S E id 
1613 Y May 41 © 35] Toral 33 4 13 1 1 
228 _ 1 — ve ns Sept. II St. Peſter'slſle 
1013] Od. 13 pune . 16 10 
1613/0 Oct. 28 4 19 Total ex (>< X 6 « dag 2 l 
1614]£3| April 8/N-Gui.| 8 44 3 N . 
log 3 April ag/17"36\ 5 "I 1626/G — 21] In Mexico 
1614 0. 300 57 5 6 1627 Dan. 3011 38010 2 
1614/0 08. 17, 4 38 4 580 627 U Feb 15 Magel lanica 
16150 March 29 Goa 10 3 16 7 5 [Jul 27] 9 4 Total} 
n 25 tal — dijely 110 Tendue o 0 
16150 ) March 3 I 58 0 6 818% Jan 6] Tenduc 5 40 
1616 March 27 Mexico 6 wh * 4 Jan, 20010 110 Total 
161605 Aug. 26 1 4 3 july I ſCGood Hope 
161600 Sept. 10 Mage 678 5 6 Total 
af 280 ) July 16{11 26 Tota 
2 EIS 3 1 55 _ 4828 . — 25 In Eng, land 
L017] J jFed. 20 lan. 1 36 4 2 
1617 c March 6 cs | 1 f — —— * Geage * k 
1615 Aug. I a 162900 Dec. 414] Pers pe 14 
e Engl Tor! ones 7 May 250% 56/6 d 
16180 lan. 26 Magel | lanica * S June 107 479 8 
[1618] ) |Fed, 93 29] 2 4 9% 30 P Nov, 1911 249 27 
1018/5; July z1Nexico— 10300 % Dec, 3/N. Gui. 10 
16191 Jaa 18 . nia 0 1631 April 30 Antar. Circle 
1619] ) June 262 | IM 1 18 Total 
161% % July 110 Africa i 39] + ang 4. Cees Hope 
l61gf ) Dec. 20015 53 10 o _ Nov. 8j12 of Tot 
n — 2 4 Ton ns April 19/CGood|Hope 
1620| ) | June 14 | M 1 2416 535 
1020 &/June 29 3 Total — 3 Da. 13]Mexico 8 37 
i620] )|Dec. 9 , 31 
a 032] 0 [Odt. 17jtz 230 5 
16200, Dec. 23] Magel lanica f 1 14 4 3 
101% MJ 29/14 6410 1116355085 OR. g[datdr Total 
[1621] June 300 47 9 4 — 5 March 1449 35j11 1 
1021 Nov. 13] Magel | lanica | 16246 March 280 Japan 10 19 
[1621 Nov. 28015 43/3 - 16340 » Sept 7] Tou 
+ $1622'#:\May 100C. Veri Js - Sept. 22 CG. H. 9 51 
1622 U Nov. e. — Feb. 17 Antar.] Circle 
1623 » April I4 7 19110 54 1625 tre 3 9 26 Total 
1623 April 29/— 8 163500 1 — 180 Mexico] o 16 
e e 12 Iceland. 5 © 
162% Oct. 23 Califor 10 401035 had 5 Total 
31% | N. Zem. 6 "ol 1035 » Aug, 271 4 
1624] 2: May %% 9 Toral 11620 Feb. 6| In | Pen 
10% Abri 3|7 9 — * 5. Peb. 20011 3413 2 
624% April 17 Antar. Circle | 30 C Aug. I Tartaryſii 20 
1624/5:\Sept. 12 Mage! lanica 165 9 Ph ee 4 341 4 
16240 D Sept. 208 Loe ; | 
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idle Digits 
tr M. & D. H. 
* I its A | 1 
Middle — — Chr. Arct. C 16 
D. M.ec P | | 5 June 9 2 10 3 
9 5 Cam-tboya 1649 © Nov: 5 N 
ig l, 20 86% 45/1639 Moy % 5 
1637 8 14 o 17] Tot 5|1650/© Nov. 7 Tuber. 
163616, Jan. 75 Mag 9 1011650 April 19 A 01-4 a 
638.5 11 lan| 2 651085 A. 14 6 52 
2 july el Total | £:10 2401 59 
9 1b ad . 1 * 30.1651 ) March * 7292 49 
638 $5; „ - 0 Tartary 5 16520 April 7 2712 
(638 5 we 4' 29 10 9 65200 Sept. 17 - 4 | 
bio 1 you 15 Magel. 1 46/1652 Feb. 27 7 9 
1655. » . . 1 911653 ) March 13 Total 
1635) Nov, IN. 112 56/1653] wafer 
1659 M0 F 10 9 2653 ) Sept. 6 9 10 14 
-, ++ ripe 1 2g 1011653; Þ[Bepe 24 8 4 26 
0 0 Agri 25 peru U 31 1654 5 March 22 24 53 
ren N 9, g 19 6 16548 Aug. 4 il 40 1 20 
nn 5 O. 20 46 165% asg. 4 54 
1041 o Elotl. * 1054 Feb. 111 19 = 
1641 _ 30 31 1 zen 165 5 £5 Aug, 6 4 bi 
72 5 April wy Magel|tavica 1055 Aug. 1 9 Tora) | 
1042 — 25 6 45 to 1655 » lan, 7 3 17 | 
1042} Oct, / ; 53 g|1656 » July 1111 48 Total 
e Je 2 0 6 at 6 
16455 April 302 O 01656 Dec. 4 11 35 Total 
1075 » Sept. 1217 38 6 1656 85 June 1 9 35 
1042? 5 PSept. x 5 20 — bo June ry 20 js 4 
0. 4 Jarch 10 165 Dec. 47 
1045 5 — 31 18 45 8 * 1657 - _ 20 1 „ Wen 
1645 n Feb. 26 2 - 4 To 1 — * 50] © | 
1945 8 Aug. g o 35 * 2 Nov. * 5 + "IN 
1045 [Aug. 2 "tr. of | 1165 Nov. 8 34 
8 1 1s 21 Tom — — its os 5 
1 4 0 5 ro 435 My 0 4 25/55 
* 1 0 * 10 1659 2 Nor. * 1 
Wm kn % 454 4 1683 J Berl 1 Tote 
. 222 32 
16 E hai, 2 be * = 1861 00: - he 48 2 
— 4 95 — Nov. — I 
1047 5 — * e —— 1 
16480) uu 20/13 $217 at 66. D ril 1414 
1648/1] 26119 5 16615 _ 
045] Þ Nov, "9 4 Tote) N166Nt 
4 | Dec, 15 20 c 
— 3 


Y 
RiccloLus's 


— 


268 Of Eclipfes. 
| RiceroLvs's Catalogue of EC LIPSE 8. 


Aft. — Digits Aft. Middle! Digit. 
2 * We Chr.| . & D. fl. l. Ce 
— 1 —e— — 
16610 Sept. 23 1 36/11 19 1676 D June 25 6 26—— 
1651 D Oct. 74 507 41676 K Dec. 420 52 
1662 March 19015 8 11677] [Nov. 24/12 — 
1662 U April 121 8.— 1677 D May 1616 25 8 15 
1663) Feb. 21116 11] 3 14/678 D|May 665 30 
1663 8 March 9 WP. 1678 Oct. 29 9 17 Total 
1663 ) [Aug. 18] 8 45 Total | 1679 April 10210 — 
6578 Sept. 18 8 1679 DMay 251 53 5 47 
1664 U Jan. 2720 40 | 16800 U March 29 23 22 —— 
35 Feb. 11] 3 16—— 16800 Sept. 227 575=— 
1654 July 2214 48 | 16800 ) [March 4 Noon 
1664% % Aug. 20/22 10 168 1 March 19/13 43|—— 
16650 0Ian. 308 47] 4 3416810) Aug. 28115 22/10 4; 
1665 O July 127 48 16810 Sept. 11015 43 
1665 D [July 26013 310 0 1016820 D|Feb. 21112 28 Total 
1666%8( lan. 421 33 16820 [Aug. 17/18 56 Tote! 
1666 July 111 011 10 1683 2 Jan. 27] I 35jlo zo 
1667) June 5 Wi | 1683] [Feb gl 3 39 
1667 July 21] 2 32 16830) [Aug. 6/20 36 
1667 Nov. 15|1t 30 1684. — 16 6 34 
16680 U May 100Setting 1684 [June 26/15 18 1; 
1668] May 2516 26| 9 3211684|©|July 12| 4 26 Total 
1668 Noyv. 4| 2 53] 9 50/1684 D Dec. 21/11 18] 9 45 
1668) D No V. 180 3 54 6 4501685 Clan. 416 o—— 
16690 April 29118 18 16850) = 16] 6 o 

q 1669|&|Oft. 2410 13 1685 Þ[Dec. 1ojtr 26| Total 

n 167 O April 1907 © (1686{5|May 21017 g—— 

f 16700 Sept. 10019 o 16860) [ June 6 Noon [—— 

£ 1670] ) Sept. 28015 43] 9g 71686] D|Nov. 29 12 22) Total 

f 1670j% Oct. 1312 5.—— 1687 CC May 111 —| * 

; 1620 April 8/23 29 1687] D[May 26114 —| * 

i 1671]{|Sept, 20 z1 25 1687] DjApril 15]7 46 49 

1 1671] ) |Sept, 1867 44] Total 1688 SApril 29016 27 

: 1672 [Feb. 2803 38 1688 DOct. 9 Noon — 
1672 D) March 1303 17 1688 0[OGd. 2519 40 —— 
16720 O]A ug. 226 4 — 1689 D April 47 42 Total 
1672 ) Sept. 6018 54 —— 1689 Þ [Sept. 28015 46| Total 
1673 Feb 16 y 29 16900 March 10 — 
1673 O Abg. 11/21 44 —— 16900 D March 241 14 5 44) 
16740 Jan. 21118 22] 1 21/1690|&|Sept. 3 858 
1674 Feb. 589 4 1690 Dept. 18“ 2 — 
11674 Daly 17] 9 40] Total 1691 GIFeb. 277 30 
1675 )J an. 11] 8 29] Total 169 1 Abg. 230 5 N 
1675 Jan. 25110 36 1692 R 
i675} »|July 6/16 31] Total 1692 Feb. 16117 pipe 
1676 &lJone 10121 26] 4 341 1602 0 July 27 16 9 Total 
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jAfr Middle Digits Aft. Middle| Digits 
[or M. & P. fl. M epi [Chr *. 4 Dk M.lcclipled | 
— —— — 2 — —— 
1693] ) Ian. 2117 25 Total 1696. Nov. 237 32 
1603 ) [June 17 Noon 169) O April 20/4 32. 
[1694] ) Ian. 11 Noon 100% May 518 27“— | 
169 O lune 22 4 22 6 221697 ) Od. 29] 8 4484 5 
1694 » fly ü 513 5100 47 1698]CC April 10 9 — 
160% May 11 6 — 1698] Ol. 3015 29 

1695) ) May 28 Noon — 1699 D) March 15] 8 149 7 
11695 þ |Nov. 20 8 © 6 5516990 % March 30/22 © | 
1695 % Dec. 517 7 1699 A (Sept. 8023 22 
1696! D | May 1612 45 Total 1699 £|Sept. 2322 380 9 58 
1696/3] May * 56 170 D March 420 11 | 
16960 Nov. 817 30 Total 1700 Aug. 20) 1 42 4 


The Eclipſes from STRUY« were obſerved; thoſe from Ricciotrus 
calculated : the following from L' Art de werifier les Dates are only 
thoſe which are viſible in Europe for the preſent century: thoſe which 
are total are marked with a 7; and M fignifies Morning, A Afternoon. 


Viſible ECLIPSES from 1700 to 1800. 


Afr Months | Time of laf Months Time of 
Chr and the Day Chr and the Day 

8 Days. or Night. I Days. or Night. 
1701] Dj}Feb. 22011 A. (1715 May 31g M. T. 
1703| )OUanßn. 37 M. jj1715 DNov. 110 5 M. 
11703] Þ|June 29 1 M. T. 177% Þ|March 25 3 M. 
1703] ) jDec. 23| 7 M.T. ||1717; Þ|May 20 6 A. 

1704] DjDec. 11] 7 M. 1718 Dept. Gf 8 A. T. 
1706] ) jApril 28] 2 M. 1719 DAug. 29] 9 A. 
1706|{3|]May 12010 M. 1721 D Jan. 13] 3 A. 
17060 } JOR. 21] 7 A. 1722 ) [une 29 3 M. 
1707] D[April 17] 2 M. T. 1722 Dec. 83 A. 
1708 [April 5 6 M. 1722 Þ|Dec.. 22] 4 A. 
1708/{;|Dec. 14] 8 M. 1% 24 £|May 22] 7 A. F. 
1708] ) |[Sept. 29} 9 A. 1724 Þ|Nov. 1] 4M. | 
i709]f!\March 110 2 A. 1725 DOd. 21] 7 A. 
(1710| D]Feb., 1311 A. 1726/5 Sept. 25| 6 A. 
(710|[T Feb. 280 1 A. 17260 D Oct. 113} 5 M. 
17111{3;July . 151] 8 A, 1727 Sept. 25 7 M. 
i211] [July . 29] 6 A.T. 1729 Þ|Feb. 13] 6 A. T. 
171200 Jan. 73 8 A, 729 D[Aug. gf 1 M. 
1713/0 Nane 6 A. 1730 }jFeb. 44 M. 
1713 Dec. 2 4 M. Jag June 20 2 M. 

Viſible 


2, 
% bY L 1 

' FR) 
4 7 

ME 

2 

„ 50 

115 141 

* tt 
"Ws |; 

U 147 
OY N 
9 1 

= © \ 

's is 2 

1 

1 = 7 2 
$ | 4 

Wy 1 x 

bk 4 
YL FS 
: = 

07 

- 3 

„ 4 l 

i " 

= 7% 
. * 
8 
? 4 
: : 4a 
| VR 
123 
$ [7 9 & 
7 m3 
. 4 
. - 
: Ag 
14 i 
— + Þ F 
90 5 
a 
bs 
i HE 
bon Po N 
3 1 . 
* 
| oF 
N ul 
we 1 
KA 
$ Fry, 
* 11 
11 57 
$073 
ns 77! 
. * 
1 

1 1 

1 

1 

IT" 
7; i 
* 0 4 
- $48 
END 
88 
7 1 D 
. 
. 7 
R. 

4 4 
* 1 
ef "IF, 

. 12 
1 WE 
q 83 
14 0 
3 
f * 
1 
© N 
1 7 
* 4% Y 
N _ - 
n _ 
4." 12 2 
, = 
" N .* 
x 
: : * 
: . 
= — *, 
1 
is 2 
7 
„ 
y * 
KY 
£* 
7 + 
SET 
1 Ro 
„ 
A 
8 
I”. 4 
$ 5 
8 
"4 
» 
wes 
F F. 
A irs 
4 
3 
* 
© 

13 

7 

g 4 

: "* 

# 

l 
1 
„ 

4 » 
WL 
* 1 
41 "2 ©. 
4 

* 
FH 
A 1 
* = 
5 £ 

do 
. + 

\ 

* 

17s 

* 

VF 
p ky 
** 
8 
77 
4 
x 
= 
0 5 
Fi 
$ 
Io 
2 
* 
41 
' 359 
'% 
1 185 
4 : 


, ® .. SAT Xx 5," 
A 8 Was 7 7 2 *»% 
LAS 0 e 1 * 2 p 


"yy 6X ny » Wis 
P 
— e a : 

5 0 * NA. 2 Pa 
; _ e 
! 


* uv 


— 2 * 5 a 
3 ” - _ 
3 . 2 - l on 
" ** F * — e 
n r > — 
ae — 2333 * 1 


a 2 = er pf * 
D 
9218 * . 

th Ar 1 2 - - oo 


— 


—— 
048 Soy % 7 Fi 2 


. 


5 — 
FE hos ad 2 
n 
—— — — 


Ne 
1 
_ & * — 
* 
2 


L Cann 
2 . 


| 270 ol Of Eclip/es. 
- Viſible ECLIPSES from 1700 to 1808. 


z Months | Iime of Months Time 
[Af. and the Day ys and | the Day 
Days. | or Night: ; Days. | or Night, 
[1732] ) Dec. 110 A. T. |[1764/%|April 110 M. 
1733 May 13] 7 A. 1764/0 April 16] 1 M. 
1733] DMA 28] 7 A. 1765 March 21] 2 A, 
1735] DJOA. 2] 1 M. 1765|{3}Aug. 16] 5 A, 
1736; ) |March 26012 A. T. 17660D [Feb. 24} 7 A, 
11736] ) [Sept. 2o| 3 M. T. 1766 Aug. 5| 7 A, 
17360 Oct. 6 A. 17680) Jan. 4 5 M. 
1737 March 1] 4 A. 17680) June 300 4 M. 7. 
1737] D [Sept. 9A M. 17680) Dec. 23] 4 A. F. 
17380 Aug. 1511 M. 1709 ˙οf June 48 M. 
17390) an. 241 A. 1769 ) Dec. 13] 7 M. 
1739/% Aug. 4| 5 A. 1770|{-[Nov. 17/10 M. 
17390 % Dec. 3o| M. 1771] ) April 28 2 M. 
17400) Jan. 13/1 A. T. [1771] Od. 23] 5 A. 
1741) Jaan. 112 A. 1772 ) [Oct. 11 6 A. Ff. 
1743 D [Nov. 2| 3 M. 7. %% 0d. 26010 M. 
1744 D[Ãg. 26] 9g A. |[1773|%:|March 23] 5 M. 
17400) [Aug. 3012 A. 1773 DSept. 3007 A. 
1747] Þ Feb. -14] 5 M. T. 1774/ March 1210 M. 
17480 July 2511 M. 1-76|) [Joly 31] M. 7. 
17480) Aug. 8/12 A. 1770 Avg. 14 5 M. 
1745] D Dec. 2308 A. 1777 Jan. 9] 5 A. 
1750 Jan. 8 9 M. 17780% lune 244 A. 
1750 » June 19 9 A. | a 1778 Y Dec. 4 6 M. 
1750; Dec. 13] 7 M. 11779 5 May 30 5 M. 7. 
7s {June 9g! 2 M. 779% June 14] 8 M. 
[1751] D Dec. 2/10 A. [1779] Nov. 23] 8 A. 
1752 May 13 8 A. 17800 Od. 27 6 A. 
J 753 DApril 177 A. 1780] Þ Nov. 12] 4 M. 
| 11753304, 2610 M. 17810 April 23] 6 A, | 
1755 );March 28 1 M. 1782 Od. 17] 8 M. 
1757 ) [Feb. 46 M. 1782 DApril 12 7 A. 
1757 » [July 30/12 A. 1783 D March 18 9 A. J. 
17580) an. 24 7 M. 7. 1783) Sept. 10011 A:T, 
17580 % Dec. 30 7 M. 1784 ) March 7 3 M. | 
17 591% Jane 24 7 A. 1785. Feb. 9 1 A. 
175% % Dec. ig) 2 A. 1787 Jan. 3/12 A. 7. 
1760; May 299 A. 178% Jan. 19/10 M. 
{1700/i:|ſune 13] 7 M. 1787|$:i\[une 15] 5 A. 
1760] ) Nov. 22] A. 1787] Þ|Dec. 24| 3 A 
1751] May 18/11 A. T. 17880 lune 49 M. 46. 
17M 8 4 M. 1789] ) Nov. 2/12 A. 
17H O&K. 17] 8 M. 1790] ) [April 28012 A. T. 
1702] Nov. 1| 8 A. 1796] } JO. 2301 N. 7. 
17% April 1318 M. 1791 April 301 — | 


Of Eclipfes. 


Viſible ECLIPSES from 1700 to 1800. 


7 Months | Time of Afr, | | Months | Time of 
(ft, and | the Day Chr and the Day 
Chr. Days. or Night. "i Days, or Night. 
— 

1791 70. 12 3 M. 1795] ) Feb. 4 1 M. 
17020. Sept. 1611 M. 1795 ſuly 160 9 M. 
170%) Feb. 2510 A. 1795 Daly 31] 8 A, 
„ze Sept. 5/3 A. 1797 % June 25 8 A. 
17040 Jan. 31] 4 A. 1797] D Dec. 4 6M, 
1794] ) Feb. 14/11 A. T. 1798 * May 2717 A. 
1704/5% Aug. 20 5 A. 1300] DUE. 212 A. 


328. A Lif of Eclipſes, and hiſtorical Events, which 


happened about the ſame Times, ſrom RicectoLus, 


Refore CHRIST. 


54 


ö 
ö 


1 
| | 
| 
March 19 
| 
May 28 
July 6 
Nov. 19 
| 
April 30 


| But according to an old Calen- 
dar, this Eclipſe of the Sun was 
on the 21ſt of April, on which day 
the foundations of Rome were laid; 


Iif we may believe Jaruntius Fir- 


manus, 

A total Eclipſe of the Moon. 
The Mrian Empire at an end; 
the Babylonian eſtabliſhed. 

An Eclipſe of the Sun foretold. 
by THALES, by which a peace was 


brought avout between the Medes 


and Lydians. 

An Eclipſe of the Moon, which 
was followed by the death of Cams 
BYSES, 

An Eclipſe of the Moon, which 


the Sabines, and death of Valerius 
Publicola. 

An Eclipſe of the Sun. The 
Perſian war, and the falling-off of 


the Perfans from the Egyptians. 


An 


Hiſtorical 
Echipic, 


was followed by the flaughter of 


Before Cua1 1 4 
431]4pril 25 An Eclipſe of the Moon, which I 
| | was followed by a great famine at } 
| Rome; and the beginning of the VM 
Peloponnęſian war. F 

431] Auguſ# 3 A total Eclipſe of the Sun. 
Comet and Plague at Athens ®, 1 

413|4uguft 27] A total Eclipſe of the Moon, 
| Ncias with his ſhip deſtroyed u 
Syracuſe. ] 
394 Auguſt 14 An Eclipſe of the Sun. The 
| Perſians beat by Conon | in a ſeq 
engagement. 1 
168 Tune 21 A total Eclipſe o he Mood 3 
| The next day Perſeus King of A 
| cedonia was e by Paus 

| Emilius. 4 


Aﬀer Cnuri1sT. , 
59 April 30 An Eclipſe of the Sun, This 
| — |is reckoned among the a 
on account of the murder off 
Agrippinus by Nero. 1 

237 April 12 A total Eclipie of the Sun, 4 
ſign that the reign of the Cru 
would not continue long. AH 
1 perſecution of the Chriſtians. 
306 27] An Eclipſe of the Sun. I 
| Stars were ſeen, and the Emperoty 


| Conſtantius died. 
840'May 4 A dreadful Eclipſe of the Suki 
| And Lewis the Pious died with 
ſix months after it. j 
1009 — An Eclipſe of the Sun. Anil 


Jeruſalem taken by the Saracetie 
1133\4uguſt 2] A terrible Eclipſe of the Suk 

The Stars were ſeen. A ſchilg 
in the Church, occaſioned Wh 
| there being three Popes at one 


2 This Eclipſe happened in the frſt year of the Pelopow 
neſian war. 
329. 
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5 + Of Eclipſes. | 273 
329. 1 have not cited one half of Rieciolus's The foper- 
liſt of portentous Eclipſes; and for the ſame rea- {999 00 
ſon that he declines giving any more of them than — 
whar that liſt contains; namely, that it is moſt He 
diſagreeable to dwell any longer on ſuch nonſenſe, 7” ma 
and as much as poſſible to avoid tiring the reader: 
the ſuperſtition of the ancients may be ſeen by the 
few here copied. My author farther ſays, that 
- there were treatiſes written to ſhew againſt what 
regions the malevolent effects of any particular 
Eclipſe was aimed; and the writers affirmed, that 
the effects of an Eclipſe of the Sun continued as 
many years as the Eclipſe laſted hours; and that 
df the Moon as many months. | 
430. Vet ſuch idle notions were once of no ſmall very forts- 
advantage to CHRISTOPHER CoLUMBUs, who, in fene: 
the year 1493, was driven on the iſland of Jamaica, zernes 
where he was in the greateſt diſtreſs for want of ur. 
proviſions, and was moreover refuſed any aſſiſtance | 
from the inhabitants; on which he threatened 
them with a plague, and told them, that in token 
of it, there ſhould be an Eclipſe : which accord- 
ingly fell on the day he had foretold, and ſo terri- 
hed the Barbarians, that they ſtrove who ſhould 
be firſt in bringing him all ſorts of proviſions ; 
throwing them at his feet, and imploring his for- 
giyeneſs. RiecroLus's Almageſt, Vol. I. I. v. c. ii. 
331. Eclipſes of the Sun are more frequent than Why there 
ofthe Moon, becauſe the Sun's ecliptic limits are 25 99e vie 
preater than the Moon's, S 317 : yet we have more of the Moon 
viſible Eclipſes of the Moon than of the Sun, be- . 
cule Ecliples of the Moon are ſeen from all parts 9 
of that Hemiſphere of the Earth which is next 
* and are equally great to each of thoſe parts; 
at the Sun's Eclipſes are viſible only to that ſmall 
a of the Hemiſphere next him whereon the 
3 S ſhadow falls, as ſhall be explaned by and 
at large. 
| 7 The Moon's Orbit being elliptical, and 
ine Earth in one of its focuſes, the is once at her 
T leaſt 
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PLATE leaſt diſtance from the Earth, and once at her 

Fis.s, greateſt in every Lunation. When the Moon 

Changes at her leaſt diſtance from the Earth, and 

fo near the Node that her dark ſhadow falls upon 

the Earth, ſhe appears big enough to cover the 

whole * Diſc of the Sun from that part on which 

Total ans her ſhadow falls; and the Sun appears totally 

— . eclipſed there, as at A, for ſome minutes: but 
clipſes o . 

the Sun,” when the Moon changes at her greateſt diſtance 

from the Earth, and ſo near the Node that her dark 

ſhadow is directed toward the Earth, her diame- 

ter ſubtends a leſs angle than the Sun's ; and there. 

fore ſhe cannot hide his whole Diſc from any part 

of the Earth, nor does her ſhadow reach it at that 

time; and to the place over which the point of 

her ſhadow hangs, the Eclipſe is annular, as at B; 

the Sun's edge appearing like a luminous ring all 

around the body of the Moon. When the Change 

happens within 17 degrees of the Node, and the W 

Moon at her mean diſtance from the Earth, the 

point of her ſhadow juſt touches the Earth, and 

ſhe eclipſes the Sun totally to that ſmall ſpot Wl 

whereon her ſhadow falls; but the darkneſs is not 

of a moment's continuance. iÞ 

The longet 333. The Moon's apparent diameter, when lar- W 

duration of geſt, exceeds the Sun's, when leaſt, only 1 minute 


ry 38 ſeconds of a degree: and in the greateſt Ecliple M 
— of the Sun that can happen at any time and place, _— 
the total darkneſs continues no longer than while *? 
the Moon is going 1 minute 38 ſeconds from the YF * 
Sun in her Orbit; which is about 3 minutes and BY . 
13 ſeconds of an hour. ED _ 
re bo 334. The Moon's dark ſhadow covers only a= 
much of the ſpot on the Earth's ſurface, about 180 EN miles = 
Sun may be broad, when the Moon's diameter appears largeltÞ — 
totally or 4 Ur 


——_ „ Although the Sun and Moon are ſpherical bodies, 2% of 


— * ſeen from the Earth they appear to be circular planes ; and e u. 
would the Earth do, if it were ſeen from the Moon. The 3 fiat 
apparently flat ſurfaces of the Sun and Moon are called their 8 


8 
by Aſtronomere. ; i 


va 
11 


Of Eclip/es. 


and the Sun's leaſt; and the total darkneſs can ex- 
tend no farther than the dark ſhadow covers. Yet 
the Moon's partial ſhadow or Penumbra may then 
cover a circular ſpace 4900 miles diameter, within 
all which the Sun is more or leſs eclipſed, as the 
places are leſs or more diſtant from the center of 
the Penumbra. When the Moon changes exactly 
in the Node, the Penumbra is circular on the 
Earth at the middle of the general Eclipſe; be- 
cauſe at that time it falls perpendicularly on the 
Earth's ſurface: but at every other moment it 
falls obliquely, and will therefore be elliptical, 
and the more ſo, as the time is longer before or 
after the middle of the general Eclipſe; and 
then, much greater portions of the Earth's ſur- 
face are involved in the Penumbra. 


35. When the Penumbra firſt touches the Duration of 


Earth, the general Eclipſe begins: when it leaves 
the Earthy the general Eclipſe ends: from the be- 
ginning to the end the Sun appearseclipſed in ſome 
part of the Earth or other. When the Penumbra 
touches any place, the Eclipſe begins at that 
place, and ends when the Penumbra leaves it. 
When the Moon changes in the Node, the Pe- 
numbra goes over the center of. the Earth's Diſc 


as-ſeen from the Moon; and conſequently, by 


deſcribing the longeſt line poſſible on the Earth, 
continues the longeſt upon it; namely, at a mean 
rate, p hours 50 minutes: more, if the Moon be 
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general and 
particular 


Eclipſes. 


at her greateſt diſtance from the Earth, becauſe 


ſhe then moves ſloweſt ; leſs, if ſhe be at her leaſt 
ſtance, becauſe of her quicker motion. 

336. To make the laſt five articles and ſeveral 
other phenomena plainer, let $ be the Sun, E the 
Earth, M the Moon, and AMP the Moon's Orbit. 
Draw the right line Ve 12 from the weſtern ſide 
of the Sun at V, touching the weſtern ſide of the 

Jon at c, and the Earth at 12: draw alſo the 
ght line Vd 12 from the eaſtern ſide of the Sun 
« /, touching the eaſtern ſide of the Moon at 4, 


2 and 


Fig, Il. 
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dark ſha- 
dow, 


and Penum- 
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what. 


Of Eclipſes, 


and the Earth at 12: the dark ſpace ce 12 4 included 
between thoſe lines in the Moon's ſhadow, ending 
in a point at 12, where it touches the Earth; be. 


cauſe in this caſe the Moon is ſuppoſed to change 


at Min the middle between A the Apogee, or far. 
theſt point of her Orbit from the Earth, and P the 
Perigee, or neareſt point to it, For, had the point 
P been at M, the Moon had been nearer the Earth; 


and her dark ſhadow at e would have covered a 


pace upon it about 180 miles broad, and the Sun 
would have been totally darkened, as at 4 (Fig. I.) 
with ſome continuance: but had the point 4 
(Fig. II.) been at M, the Moon would have been 
farther from the Earth, and her ſhadow would have 
ended in a point. about e, and therefore the Sun 
would have appeared, as at 5 (Fig. I.) like a lu- 
minous ring all around the Moon. Draw the right 
lines /Xdh and Vx cg, touching the contrary 
ſides of the Sun and Moon, and ending on the 
Earth at à and ꝰ: draw allo the right line SXM12, 
from the center of the Sun's Diſc, through the 
Moon's center to the Earth at 12; and ſuppoſe the. 
two former lines YA dh and X cg to revolve on 
the line SXM12as an Axis, and their points a 
and þ will deſcribe the limits of the Penumbra 
TT on the Earth's ſurface, including the large 
ſpace a0 4b 12 a; within which the Sun appears 


more or leſs eclipſed, as the places are more or leſs 


diſtant from the verge of the Penumbra a 0b. 


Draw the right line y 12 acroſs the Sun's Dilc, 


perpendicular to SAM, the Axis of the Penumbra: | 
then, divide the line y 12 into twelve equal parts, 


as in the Figure, for the twelve * Digits of the 
Sun's diameter: and at equal diſtances from the 
center of the Penumbra at 12 (on the Earth's ſur- 


face 12) to its edge a06b, draw twelve concen- 
tric Circles, as marked with the numeral Figures | 


I 2 34, &c. and remember that the Moon s m 


A Digit is a twelfch part of the diameter of the Sun and 
tion 


Moon. 


4 
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Of Eclipſes. 
tion in her Orbit AMP is from Weſt to Eaſt, as 
foms to r. Then, | 


To an obſerver on the Earth at 5, the eaſtern 
limb of the Moon at d ſeems to touch the weſtern 
limb of the Sun at V, when the Moon is at M; 
and the Sun's Eclipſe begins at &, appearing as at 
Ain Fig. III. at the left hand; but at the ſame 
moment of abſolute time to an obſerver at à in 
Fig, II. the weſtern edge of the Moon at c leaves 
the eaſtern edge of the Sun at V, and the Eclipſe 
ends, as at the right hand C of Fig. III. Ar the 
very ſame inſtant, to all thoſe who live on the Cir- 
cle marked 1 on the Earth E in Fig. II. the Moon 
M cuts off or darkens a twelfth part of the Sun &, 
and eclipſes him one Digit, as at 1 in Fig. III: to 
thoſe who live on the Circle marked 2 in Fig. II, 
the Moon cuts off two twelfth parts of the Sun, 
as at 2 in Fig. III: to thoſe on the Circle 3, three 
parts; and fo on to the center at 12 in Fig, II, 
where the Sun is centrally eclipſed, as at B in the 
middle of Fig. III; under which Figure there is a 
ſcale of hours and minutes, to ſhew at a mean rate 
how long it is from the beginning to the end of a 
central Eclipſe of the Sun on the parallel of Lon- 
an; and how many Digits are eclipſed at any par- 
ticular time, from the beginning at Ato the middle 
at I, or the end at C. Thus, in 16 minutes from 
tne beginning, the Sun 1s two Digits eclipſed; in 


an hour and five minutes, eight Digits; and in an 


hour and thirty-ſeven minutes, twelve Digits. 
337. By Fig. II. it is plain, that the Sun is to- 
tally or centrally eclipſed but to a ſmall part of the 
Earth at any time; becauſe the dark conical ſnadow 
eof the Moon M falls but on a ſmall part of the 
Earth: and that a partial Eclipſe is confined at 
that time to the ſpace included by the Circle 4 © 5, 
o which only one half can be projected in the 
Figure, the other half being ſuppoſed to be hid by 
the convexity of the Earth E: and likewiſe, that 
uo part of the Sun is eclipſed to the large ſpace T 


. of 
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Fig: IV, 


Phenomena 
of the Earth 
as ſeen from 
the- Sun or 

New Moon 
at different 

ti mes ot the 
year, 


Earth, § 320; and therefore the Moon's ſhadoy 
goes 304 degrees or 1830 geographical miles on 


Of Eclipfes. 


of the Farth, becauſe the Moon is not between the 
Sun and any of that part of the Earth: and there. 
fore to all that part the Eclipſe is inviſible. The 
Earth turns eaſtward on its Axis, as from g to þ, 
which is the ſame way that the Moon's ſhadow 
moves; but the Moon's motion is much ſwifter 
in her Orbit from s to tf: and therefore, although 
Eclipſes of the Sun are of longer duration on ac. 
count of the Earth's motion on its Axis than they 
would be if that motion was ſtopt, yet in four mi. 
nutes of time at moſt the Moon's ſwifter motion 
carries her dark ſhadow quite over any place that 
its center touches at the time of greateſt obſcun. 
tion. The motion of the ſhadow on the Earth's 
Diſc is equal to the Moon's motion from the Sun, 
which is about 30+ minutes of a degree every hour 
at a mean rate; but ſo much of the Moon's Orbit 
is equal to 30; degrees of a great Circle on the 


the Earth in an hour, or 30s miles in a minute, 
which is almoſt four times as ſwift as the motion 
of a cannon-ball. - 
338. As ſeen from the Sun or Moon, the Farth's 
Axis appears differently inclined every day of 
the year, on account of keeping its paralleliſm 
throughout its annual courſe. Let E, D, O, N be the 
Earth at the two Equinoxes and the two Solſtices, 
NS its Axis, NN the North Pole, & the South Polt, 
A © the Equator, T the Tropic of Cancer, f tht 
Tropic of Capricorn, and ABC the Circumference 
of the Earth's enlightened Diſc as ſeen from the 
Sun or New Moon at theſe times. The Earth 
Axis has the poſition NES at the vernal Equinos, 
lying toward the right hand, as ſeen from the Sun 
or New Moon; its Poles N and S being then i 
the Circumference of the Diſc ; and the Equator 
and all its parallels ſeem to be ſtraight lines, bt 
cauſe their planes paſs through the obſerver's ej 


looking down upon the Earth from the Sun d 
11 Moon 


Of Eclipfes. 


Moon directly over E, where the Ecliptic FG in- 
terſects the Equator . At the Summer Solſtice, 
the Earth's Axis has the poſition NDS; and that 
part of the Ecliptic FG, in which the Moon is 
then New, touches the Tropic of Cancer T at D. 
The North Pole M at that time inclining 23+ de- 
orees toward the Sun, falls ſo many degrees within 
the Earth's enlightened Diſc, becauſe the Sun is 


then vertical to D, 34 degrees north of the Equa- 


tor O; and the Equator with all its parallels 
ſeem elliptie curves bending downward, or toward 
the South Pole, as ſeen from the Sun: which Pole, 
together with 234 degrees all round it, is hid be- 
hind the Diſc in the dark Hemiſphere of the Earth. 
Atthe Autumnal Equinox, the Earth's Axis has 
the poſition NOS, lying to the left hand as ſeen 
from the Sun or New Moon, which are then ver- 
tical to O, where the Ecliptic cuts the Equator 
E: Both Poles now lie in the circumference 


of the Diſc, the North Pole juſt going to diſap- | 


pear behind it, and the South Pole juſt entering 
into it; and the Fquator with all its parallels ſeem 
to be ſtraight lines, becauſe their planes paſs 
through the obferver's eye, as ſeen from the Sun, 
and very nearly ſo as ſeen from the Moon, At 
the Winter Solſtice, the Earth's Axis has the po- 
ſition NMS; when its South Pole &, inclining 
231 degrees toward the Sun, falls 234 degrees 
within the enlightened Diſc, as ſeen from the Sun 
or New Moon, which are then vertical to the Tro- 


pic of Capricorn t, 234 degrees ſouth of the Equa- 


tor &; and the Equator with all its parallels 
ſem elliptic curves bending upward ; the North 
Pole being as far behind the Diſc in the dark He- 


miſphere, as the South Pole is come into the 


light. The nearer that any time of the year is to 
the Equinoxes or Solſtices, the more it partakes 

of the Phenomena relating to them. | 
339. Thus it appears, that from the Vernal Equi- 
nox to the Autumnal, the North Pole is enlighten- 
1 EC 
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PLATE: ed; and the Equator and all its parallels appear 
various po · Elliptical as ſeen from the Sun, more or leſs curved 
lions ot as the time is nearer to or farther from the Sum. 
Ari ae mer Solſtice; and bending downward, or toward 

' ſeen from the South Pole; the reverſe of which happen, 
eifferens from the Autumnal Equinox to the Vernal. 4 
2 the little conſideration will be ſufficient to convince 
f. the reader, that the Earth's Axis inclines toward 

the Sun at the Summer Solſtice; from the Sun at 
the Winter Solſtice; and fidewiſe to the Sun x 
the Equinoxes; but toward the right hand, 23 
ſeen from the Sun at the Vernal Equinox; and to. 
ward the left hand at the Autumnal. From the 
Winter to the Summer Solſtice, the Earth's Axis, 
inclines more or leſs to the right hand, as ſcen 
from the Sun; and the contrary from the Summer 

to the Winter Solſtice, 
How theſe, 340. The different poſitions of the Earth's Axis 
afect iolar AS ſcen from the Sun at different times of the year, 
Eclipe. affect ſolar Eclipſes greatly with regard to particu. . 
lar places; yea ſo far as would make central Eclip. 
ſes, which fall at one time of the year, inviſible if 
they had fallen at another, even though the Moon 
ſhould always change in the Nodes, and at the ſame 
hour of the day: of which indefinitely various af- 
fections, we ſhall only give Examples for the times 

of the Equinoxes and Solſtices. 
Fiz. IV. In the ſame Diagram, let FG be part of the 
Ecliptic, and IX, 7k, ik, i& part of the Moons 
Orbit; both ſeen edgewiſe, and therefore projected 
into right lines; and let the interſections N, O, 
D, E, be one and the ſame Nodes at the above times, 
when the Earth has the forementioned different 
poſitions; and let the ſpace included by the Cir- 
cles P, p, p, p, be the Penumbra at theſe times, as 
its center is paſſing over the center of the Earth's 
Diſc. At the Winter Solſtice, when the Earth's 
Axis has the poſition NV NS, the center of the Pe. 
numbra P touches the Tropic of Capricorn : in N 
at the middle of the general Eclipſe; but no * 
| 0 


Of Ecliꝑſes. 


of the Penumbra touches the Tropic of Cancer T. 
At the Summer Solftice, when the Earth's Axis 
has the poſition NDS (iD# being then part of 
the Moon's Orbit, whole Node is at D), the Pe- 
numbra p has its center at D, on the Tropic of 
Cancer T, at the middle of the general Eclipſe, 
and then no part of it touches the Tropic of Ca- 
pricorn . At the Autumnal Equinox, the Earth's 
Axis has the poſition NOS (i Oꝶ being then part 
of the Moon's Orbit), and the Penumbra equally 
includes part of both Tropics T and 7 at the middle 
of the general Eclipſe: at the vernal Equinox it 


. does the ſame, becauſe the Earth's Axis has the 
\ ſition NES: but, in the former of theſe two 
n laſt caſes, the Penumbra enters the Earth at 4, 
1 north of the Tropic of Cancer 7, and leaves it at 
n, ſouth of the Tropic of Capricorn 2; having 
z, zone over the Earth obliquely ſouthward, as its 
5 center deſcribed the line AOm: whereas, in the 
Us latter caſe, the Penumbra touches the Earth at , 
p- ſouth of the Equator Q; and deſcribing the 
if line EA (fimilar to the former line 40m in open 
On (pace), goes obliquely northward over the Earth, 
me and leaves. it at 9, north of the Equator. 
af. In all theſe circumitances, the Moon has been 
nes luppoſed to change at noon in her deſcending 
Node: had ſhe changed in her aſcending Node, 
the tie Phenomena would have been as various the 
n's contrary way, with reſpect to the Penumbra's go- 
ted ing northward or ſouthward over the Earth. But 
0, becauſe the Moon changes at all hours, as often in 
3eS, one Node as in the other, and at all diſtances from 
ent them both at different times as it happens, the va- 
CIT riety of the Phaſes of Eclipſes are almoſt innume- 
„ As fable, even at the ſame places; conſidering alſo 
th's iow variouſly the ſame places are ſituated on the 
th's enlightened Diſc of the Earth, with reſpect to the 
Pe- Penumbra's motion, at the different hours when 
1 N Eclipſcs happen. 
part | & 
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numbra falls 
on the Earth 
at different 
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Nodes. 
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341. When the Moon changes 17 degrees 
of her deſcending Node, the — 2 12 
touches the northern part of the Earth's Diſc 
near the North Pole N; and as ſeen from tha 
lace, the Moon appears to touch the Sun, but 
ides no part of him from ſight. Had the Change 
been as far ſhort of the aſcending Node, the Pe. 
numbra would have touched the ſouthern part of 
the Diſc near the South Pole S. When the Moon 


changes 12 degrees ſhort of the deſcending Node, 


The Earth's 
diurnal mo- 
tion lengthe 
ens the du- 
ration of ſo- 
hr Eclipſes, 
which fall 
without the 
polar Cir- 
cles, 


more than a third part of the Penumbra P 12 fall; 
on the northern parts of the Earth at the middle of 
the general Eclipſe: had ſhe changed as far paſt 
the ſame Node, as much of the other ſide of the 
Penumbra about P would have fallen on the ſouth- 
ern part of the Earth; all the reſt in the expan/um, 
or open ſpace. When the Moon changes 6 de- 
grees from the Node, almoſt the whole Penumbra 
P6 falls on the Earth at the middle of the general 
Eclipſe. And laſtly, when the Moon changes in 
the Node at N, the Penumbra PN takes the 
longeſt courſe poſſible on the Earth's Diſc; its 
center falling on the middle of it, at the middle 
of the general Eclipſe. The farther the Moon 
changes from either Node, within 17 degrees of 
it, the ſhorter is the Penumbra's continuance on 
the Earth, becauſe it goes over a leſs proportion of 
the Diſc, as is evident by the Figure. 

342. The nearer that the Penumbra's center is to 
the Equator at the middle of the general Eclipſe, 
the longer is the duration of the Eclipſe at all 
thoſe places where it is central; becauſe, the nearer 
that any place is to the Equator, the greater is the 
Circle it deſcribes by the Earth's motion on its 
Axis; and ſo, the place moving quicker, keeps 
longer in the Penumbra, whoſe motion is the ſame 
way with that of the place, though faſter, as has 
been already mentioned, 5 337. Thus (fee the 
Earth at D and the Penumbra at 12) while the 
point & in the polar Circle abcd is carried from # 


to 
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to c by the Earth's diurnal motion, the point 4 on 
the Tropic of Cancer T is carried a much greater 
kngth from 4 to D: and therefore, if the Pen- 
umbra's center goes one time over c, and another 
time over D, the Penumbra will be longer in paſſ- 
ing over the moving place d than it was in paſſin 
over the moving place 4. Conſequently, — 
Eclipſes about the Poles are of the ſhorteſt dura- 
tion; and about the Equator, the longeſt. 

343. In the middle of Summer, the whole fri- And n- 
zid Zone included by the polar Circle abcd is en- me an 
lightened; and if it then happens that the Penum- fome which 
bra's center goes over the North Pole, the Sun will eg C. 
be eclipſed much the ſame number of Digits at @ ces. 

35 at c; but while the Penumbra moves eaſtward 
over c, it moves weſtward over a, becauſe, with 
reſpe& to the Penumbra, the motions of a and c are 
contrary: for c moves the ſame way with the Pen- 
umbra toward 4, but à moves the contrary way 
toward 5; and therefore the Eclipſe will be of 
longer duration at c than at a, At à the Eclipſe, 
begins on the Sun's eaſtern limb, but at c on his 
weſtern: at all places lying without the polar Cir- 
cles, the Sun's Eclipſes begin on his weſtern limb, 
or near it, and end on or near his eaſtern. At thoſe 
pou where the Penumbra touches the Earth, the 

clipſe begins with the riſing Sun, on the top of 
his weſtern or uppermoſt edge; and at thoſe places 
where the Penumbra leaves the Earth, the Eclipſe 
ends with the ſetting Sun, on the top of his eaſtern 
edge, which is then the uppermoſt, juſt at its diſ- 
appearing in the Horizon. 

344. If the Moon were ſurrounded by an At- The Moon 
moſphere of any conſiderable denfity, it would — 
ſcem to touch the Sun a little before the Moon 
made her appulſe to his edge, and we ſhould ſee a 
little faintneſs on that edge before it were eclipſed 
by the Moon: but as no ſuch faintneſs has been 
obſerved, at leaſt ſo far as Jever heard, it ſeems 
plain, that the Moon has no ſuch Atmoſphere as that 


of 


PLATE 
XI. 


Fel'pſes of 
the Moon. 
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of the Earth. The faint ring of light ſurrounding 
the Sun in total Eclipſes, called by Cassixi, 1; 
Chevelure du Soleil, ſeems to be the Atmoſphere of 
the Sun; becauſe it has been obſerved to move 
equally with the Sun, not with the Moon. 

345. Having ſaid ſo much about Eclipſes of 
the Sun, we ſhall drop that ſubject at preſent, and 
proceed to the doctrine of Lunar Eclipſes: which, 
being more ſimple, may be explained in leſs 
time. | 


That the Moon can never be eclipſed but at the 


time of her being Full, and the reaſon why ſhe is 


not eclipſed at every Full, has been ſhewn already, 


§ 316, 317. Lets be the Sun, E the Earth, RR 


the Earth's ſhadow, and B the Moon in oppoſition 


Fig. II, 


Why the 


Moon is vi- 


ſible in a to- 


tal Eclipſe. 


to the Sun: in this ſituation the Earth intercepts 
the Sun's light in its way to the Moon; and when 
the Moon touches the Earth's ſhadow at v, ſhe 


begins to be eclipſed on her eaſtern limb x, and 
continues eclipſed until her weſtern limb y leaves 
the ſhadow at w; at B ſhe is in the middle of the 
ſhadow, and conſequently in the middle of the | 


Eclipſe. 

346. The Moon when totally eclipſed is not in- 
viſible, if ſhe be above the Horizon and the Sky 
be clear; but appears generally of a duſky colour 
like tarniſhed copper, which ſome have thought to 
be the Moon's native light. But the true cauſe of 
her being viſible is the ſcattered beams of the Sun, 
bent into the Earth's ſhadow by going through the 
Atmoſphere; which, being more denſe near the 
Earth than at conſiderable heights above it, re- 
fracts or bends the Sun's rays more inward, 9 179; 
and thoſe which paſs: neareſt the Earth's ſurface, 
are bent more than thoſe rays which go through 
higher parts of the Atmoſphere, where it 1s lels 
denſe, until it be ſo thin or rare as to loſe 
its refractive power. Let the Circle fg#z, con- 
centric to the Earth, include the Atmoſphere, 


whoſe refractive power vaniſhes at the heights 4 
| an 


. R * Mit. 3 


4 Mw © «< 


2 ˙—ͤ— Lo ww fa mean. 
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and i; ſo that the rays 22 and Y iv go on 
ſtraight without ſuffering the leaſt refraction: But 
all choſe rays which enter the Atmoſphere between 
Fand &, and between 7 and 1, on oppoſite ſides of 
the Earth, are gradually more bent inward as they 
oo through a greater portion of the Atmoſphere, 
vntil the rays Wand VI touching the Earth at 
mand u, are bent ſo much as to meet at g, a little 
ſhort of the Moon; and therefore the dark ſhadow 
of the Earth is contained in the ſpace mo pn, 
where none of the Sun's rays can enter: all the 
reſt KR, being mixed by the ſcattered rays which 
are reftacted as above, is in ſome meaſure enlight- 

ened by them; and ſome of thoſe rays falling on 
the Moon, give her the colour of tarniſhed copper, 
or of iron almoſt red-hot. So that if the' Earth 
had no Atmoſphere, the Moon would be as invi- 
ible in total Eclipſes as ſhe is when New. If the 
Moon were ſo near the Earth as to go into its dark 
ſhatow, ſuppoſe about p o, ſhe would be inviſible 
during her (tay in it; but viſible before and after 
in the fainter ſhadow RR. 

147. When the Moon goes through the center 
of the Farth's ſhadow, ſhe is directly oppoſite to 
the Sun: yet the Moon has been often ſcen to- 
tally eclipſed in the Horizon when the Sun was 
alſo viſible in the oppoſite part of it: for, the ho- 
rizontal refraction being almoſt 34 minutes of a 
degree, Q 181, and the diameter of the Sun and 
Moon being each at a mean ſtate but 32 minutes, 
the refraction cauſes both Luminaries to appear 
Wore the Horizon whea they are really below it, 

\ 179, 

248, When the Moon is Full at 12 degrees 
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PLATE 
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Why the 
Sun and 
Moon are 
ſometimes 
viſible when 
the Moon 
15 totally 
ecl pled, 


Fig: V. 


from either of her Nodes, ſhe Juſt touches the - 


Larth's ſhadow, but enters not into it. Let GH 
be the Eclipric, ef the Moon's Orbit where ſhe is 
12 degrees from the Node at her Full; cd her 
Or bit where ſhe is 6 degrees from the Node, ab 
her Orbit where ſhe is F ul! in the Node, 4 the 
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Earth's ſhadow, and M the Moon. When the 
or cepera} Moon deſcribes the line e f, ſhe juſt touch 
Eclipſes of , Jult touches the 

ſhadow, but does not enter into it; when ſhe de. 
ſcribes the line c , ſhe is totally, though not cen. 
trally, immerſed in the ſhadow; and when ſhe de. 
ſcribes the line ab, ſhe paſſes by the Node at 1 
in the center of the ſhadow, and takes the longeſt 
line poſſible, which is a diameter, through it: and 
ſuch an Eclipſe being both total and central, is of 
the longeſt duration, namely, 3 hours 57 minutes 
6 ſeconds from the beginning to the end, if the 
Moon be at her greateſt diſtance from the Earth: 
and 3 hours 37 minutes 26 ſeconds, if ſhe be a 
her leaſt diſtance. The reaſon of this difference 
is, that when the Moon is fartheſt fram the Earth, 
ſhe moves the ſloweſt; and when neareſt to it, 
quickeſt, 
Digi. 349. The Moon's diameter, as well as the Sun's, 
is ſuppoſed to be divided into twelve equal parts 
called Digits; and ſo many of theſe parts as are 
darkened by the Earth's ſhadow, ſo many Digits | 
is the Moon eclipſed. All that the Moon is 
eclipſed above 12 Digits, ſhew how far the ſhadoy 
of the Earth is over the body of the Moon, on 
that edge to which ſhe is neareſt at the middle of 
the Eclipſe. | 
Why the 350. It is difficult to obſerve exactly either the 
beginning beginning or ending of a lunar Eclipſe, even with 
ancentof a good Teleſcope; becauſe the Earth's ſhadow is 
lg is fo ſo faint and ill- defined about the edges, that when 
de derer. the Moon is either juſt touching or leaving it, the 
— 2 obſcuration of her limb is ſcarce ſenſible; and 
mond therefore the niceſt obſervers can hardly be certain 
to ſeveral ſeconds of time. But both the be- 
ginning and ending of ſolar Eclipſes are viſibly 
inſtantaneous; for the moment that the edge of 
the Moon's Diſc touches the Sun's, his roundnels 
ſeems a little broken on that part; and the moment 
ſhe leaves it, he appears perfectly round again. 


351. In 
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351. In Aſtronomy, Eclipſes of the Moon are me 


of great uſe for aſcertaining the periods of her 
motions ; eſpecially ſuch Eclipſes as are obſerved 
to be alike in all circumſtances, and have long 
intervals of time between them. In Geogra- 
phy, the Longitudes of places are found by 


Eclipſes, as already ſhewn in the Eleventh 1 | 


ter. In Chronology, both ſolar and lunar Eclipſes 
ſerve to determine exactly the time of any paſt 
event: for there are ſo many particulars ob- 
ſervable in every Eclipſe, with reſpe& to its 
quantity, the places where. it is viſible (if of the 
Sun), and the time of the day or night; that it is 
impoſſible there can be two ſolar Eclipſes in the 
courſe of many ages which are alike in all circum- 
ſtances. 

352. From the above explanation of the doc- 
trine of Eclipſes, it is evident that the darkneſs at 
our SAVIOUR'S Crucifixion was ſupernatural. For 
he ſuffered on the day on which the Paſſover was 
eaten by the Jews, on which day it was impoſſible 
that the Moon's ſhadow could fall on the Earth; 
for the Jews kept the Paſſover at the time of Full 
Moon: nor does the darkneſs in total Eclipſes of 
the Sun laſt above four minutes in any place, Q 3333 


whereas the darkneſs at the Crucifixion laſted three 


hours, Matt. xxviii. 15. and overſpread at leaſt all 
the land of Judea. 


Eelipſes in 
Aftronomy, 


Geography, 
and Chro- 


nology. 
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The Conſlrufion of the following Tables. 


CHAP. XIX. 


| Shewing the Principles on which the following Aftre- 


nomical Tables are conſtructed, and the Method of 
calculating the Times of New and Full Moons and 
Eclipſes by them, 


353. r E nearer that any object is to the eye 
of an obſerver, the greater is the angle 

under which it appears: the farther from the eye, 

the leſs, a | 

The diameters of the Sun and Moon ſubtend 
different angles at different times, And, at equal 
intervals of time, theſe angles are once at the 
greateſt, and once at the leaſt, in ſomewhat more 
than a complete revolution of. the Luminary 
through the Ecliptic, from any given fixed Star to 
the ſame Star again, — This proves that the Sun 
and Moon are conſtantly changing their diſtances 
from the Earth; and that they are once at their 
greateſt diſtance, and once at their leaſt, in little 
more than a complete revolution. , 

The gradual differences of theſe angles are not 
what they would be, if the Luminaries moved in 
circular Orbits, the Earth being ſuppoſed to be 
placed at ſome diſtance from the center: but they 
agree perfectly with elliptic orbits, ſuppoſing the 
lower focus of each orbit to be at the center of the 
Earth. | 

The fartheſt point of each Orbit from the 
Earth's center is called the Apogee, and the neareſt 


point is called the Perigee.— Theſe points are di- 


rely oppolite to each other. 
Aſtronomers divide each Orbit into 12 equal 
parts, called Signs; each ſign into 30 equal parts, 
called Degrees; each degree into 60 equal parts, 
called Minutes; and every minute into 60 equal 
parts, called Seconds. The diſtance of the Sun or 


Moon from ary given point of its orbit, is rec- 
koned 


* 
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koned in ſigns, degrees, minutes, and ſeconds, 
Here we mean the diſtance that the Luminary has 
moved through from any given point; not the 
ſpace it is ſhort of it in coming round again, 
though ever ſo little. 


The diſtance of the Sun or Moon from its: 


Apogee, at any given time, is called its mean Ano- 
maly: ſo that, in the Apogee, the Anomaly is no- 
thing; in the Perigee, it is ſix ſigns. 

The motions of the Sun and Moon are ob— 
ſctytd to be continually accelerated from the Apo- 
pre to the Perigee, and as gradually retarded from 
the Perigee to the Apogee; being ſloweſt of all 
when the mean Anomaly is nothing, and ſwifteſt 
of all when it is fix ſigns. 

When the Luminary is in its Apogee or its Pe- 
riger, its. place is the fame as it would be, if its 
motion were equable in all parts of its Orbit. — 
The ſuppoſed equable motions are called mean; 
the unequable are juſtly called the true. 

The mean place of the Sun or Moon 1s always 
forwarder than the true place“, while the Lumi- 
nary is moving from its Apogee to its Perigee; 
and the true place is always forwarder than the 
mean, while the Luminary is moving from its 
Pcrigee to its Apogee. In the former caſe, the 


Anomaly is always leſs than fix ſigus; and in the 


latter caſe, more. 

Tt has bren found, by a long ſeries of obſerva- 
nons, that the Sun goes through the Ecliptic, 
rom the Vernal Equinox to the ſame Equinox again, 
n Jbg days 5 hours 48 minutes 55 leconds: from 
ne firſt Star of Aries to the ſame Star again, in 365 
Cays b hours 9 minutes 24 ſeconds: and from his 
Hege to the tame again, in 365 days 6 hours 14 mi- 
utes o ſeconds. The firſt of thele is called the So- 
ear, the ſecond the Sydereal Year, and the third 


* . . . . . -- 
J The point of the Ecliptic in which the Sun or Moon is 
© ny given moment of time, is called the place of the Sun 
0 Moon at that time. | 
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the Anomaliſtic Tear. So that the Solar Year is 20 
minutes 29 ſeconds ſhorter than the Sydereal; and 
the Sydereal Year is 4 minutes 36 ſeconds ſhorter 
than the Anomaliſtic.—Hence it appears, that the 
Equino#tial Point, or interſection of the Ecliptic 
and Equator at the beginning of Aries, goes back. 
ward with reſpect to the fixed Stars, and that the 
Sun's Apogee goes forward. 
It is alſo obſerved, that the Moon goes through 
her Orbit, from any given fixed Star to the ſame 
Star again, in 27 days 7 hours 43 minutes 4 ſe- 
conds, at a mean rate: from her Apogee to her 
Apogee again, in 27 days 13 hours 18 minutes 
43 ſeconds: and from the Sun to the Sun again, 
in 29 days 12 hours 44 minutes 32 ſeconds,— 
This ſhews, that the Moon's Apogee moves for 
ward in the Ecliptic, and hat at a much quicker 
rate than the Sun's Apogee does; ſince the Moon 
is five hours 55 minutes 39 ſeconds longer in re- 
volving from her Apogee to her Apogee again, 
than from any Star to the ſame Star again. 

The Moon's Orbit croſſes the Ecliptic in two 
oppoſite points, which are called her Nodes: and 
it is obſerved that ſhe revolves ſooner from any 
Node to the ſame Node again, than from any Star 
to the fame Star again, by 2 hours 38 minutes 27 
ſeconds, which ſhews that her nodes move back- 
ward, or contrary to the order of ſigns, in the 
Ecliptic. | 

The time in which the Moon revolves from the 
Sun to the Sun again (or from change to change) 
is called a Lunation; which, according to Dr. 
Pounp's mean meaſures, would always conſiſt of 
29 days 12 hours 44 minutes 3 ſeconds 2 thirds 
£8 fourths, if the motions of the Sun and Moon 
were always equable “. — Hence, 12 mean Lunt 


We have thought proper to keep by Dr. Pound's length 
of a mean Lunatioon, becauſe his numbers come neare! 1 
the times of the ancient Eclipfes, than Mayer's do, without al 


loaing for the Moon's acceleration. : 
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tions contain 354 days 8 hours 48 minutes 36 
ſeconds 35 thirds 40 fourths, which is 10 days 2x 
hours 11 minutes 23 ſeconds 24 thirds 20 fourths 
leſs than the length of a common Julian year, con- 
ſting of 365 days 6 hours; and 13 mean Luna- 
tions contain 383 days 21 hours 32 minutes 39ſe- 
conds 38 thirds 38 fourths, which exceeds the 
length of a common Julian year by 18 days 15 
hours 32 minutes 39 ſeconds 38 thirds 38 fourths. 

The mean time of New Moon being found for 
any given year and month, as ſuppoſe for March 
1700, Old Stile, if this mean New Moon falls later 
than the 11th day of March, then, 12 mean Luna- 
tions added to the time of this mean New Moon, 
will give the time of the mean New Moon in 
March 1701, after having thrown off 365 days. 
But, when the mean New Moon happens to be be- 
fore the 11th of March, we muſt add 13 mean Lu- 
nations, in order to have the time of mean New 
Moon in March the year following: always takin 
care to ſubtract 365 days in common years, and 
366 days in leap- years, from the ſum of this addi- 
tion, | 

Thus, A. D. 1700, Old Stile, the time of mean 
New Moon in March was the 8th day, at 16 hours 
11 minutes 25 ſeconds after the noon of that day 
(diz. at 11 minutes 25 ſeconds paſt IV. in the 
morning of the gth day according to common 
reckoning). To this we muſt add 13 mean Luna- 
tions, or 383 days 21 hours 32 minutes 39 ſeconds 
Jo thirds 38 fourths, and the ſum will be 392 
days 13 hours 44 minutes 4 ſeconds 38 thirds 38 
fourths ; from which ſubtract 365 days, becauſe 
the year 1701 is a common year, and there will 
remain 27 days 13 hours 44 minutes 4 ſeconds 38 
thirds 38 fourths for the time of mean New Moon 
in March, A. D. 1701. 

Carrying on this addition and ſubtraction till 
4. D. 1703, we find the time of mean New 
loon in 2 that year, to be on the 6th day, at 
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hours 21 minutes 17 ſeconds 49 thirds 46 fourths 
paſt noon; -to which add 13 mean Lunations, and 
the ſum will be 390 days 4 hours 53 minutes 57 
ſeconds 28 thirds 20 fourths; from which ſubtra& 
366 days, becauſe the year 1704 1s a leap-year, and 
there will remain 24 days 4 hours 53 minutes 57 
ſeconds 28 thirds 20 fourths, for the time of mean 
New Moon in March, A. D. 1704. 
In this manner was the firſt of the followi 


Tables conſtrued to ſeconds, thirds, and fourths; 


and then wrote out to the neareſt ſeconds. —The 
reaſon why we choſe to begin the year with March, 
was to avoid the inconvenience of adding a day to 
the tabular time in leap-years after February, or 
ſubtracting a day therefrom in January and Febru— 
ary in thoſe years; to which all tables of this kind 
are ſubject, which begin the year with January, in 
calculating the times of New or Full Moons, 
The mean Anomalies of the Sun and Moon, and 
the Sun's mean motion from the Aſcending Node 


of the Moon's Orbit, are ſet down in Table III. | 


from one to 13 mean Lunations.— Theſe Num- 
bers, for 13 Lunations, being added to the radical 
Anomalies of the Sun and Moon, and to the Sun's 
mean diſtance from the aſcending Node, at the 
timeof mean New Moon in March 1700, (Tablel.) 
willgivetheir mean Anomalies, and the Sun's mean 
diſtance from the Node, at the time of mean New 
Moon in March 1701; and being added for 12 


Lunations to thoſe for 1701, give them for the 


time of mean New Noon in March 1702. And 
ſo on, as far as you pleaſe to continue the Table 
(which is here carried on to the year 1800) always 
throwing off 12 ſigns when their ſum exceeds 12, 
and ſetting down the remainder as the proper 
quantity. | : 
If the Numbers belonging to A. D. 1700 (in 
Table I.) be ſubtracted from thoſe belonging to 
1800, we ſhall have their whole differences in 100 
complete Julian years; which accordingly we find 


4 


to 
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to be 4 days 8 hours 10 minutes 52 ſeconds 15 
thirds 40 fourths, with reſpect to the time of mean 
New Moon. Theſe being added together 60times 
(always taking care to throw off a whole Lunation 
when the days exceed 295) making up 60 centu- 
ries, or Co0O years, as in Table VI. which was 
carried on to ſeconds, thirds, and ſourths; and 
then wrote out to the nearelt ſeconds. In the ſame 
manner were the reſpective Anomalies andthe Sun's 
diſtance from the Node found, for theſe centurial 
years; and then (for want of room) wrote out only 
to the neareſt minutes, which is ſufficient in whole 
centuries, By means of theſe two Tables, we may 
find the time of any mean New Moon in Mzrch, 


together with the Anomalies of the Sun and Moon, 


and the Sun's diſtance from the Node, at theſe 
times, within the limits of 6000 years, either be- 
fore or after any given year in the 18th century; 
and the mean time of any New or Full Moon in 
any given month after March, by means of the 


third and fourth Tables, within the ſame limits, as 


ſewn in the precepts for calculation. 

Thus it would be a very eaſy matter to calculate 
the time of any New or Full Moon, if the Sun 
and Moon moved equably in all parts of their 
Orbits,—But we have already ſhewn that their 
places are never the ſame as they would be by 
equable motions, except when they are in Apogee 
or Perigee; which is, when their mean Anomalies 
are either nothing, or ſix ſigns: and that their 


mean places are always forwarder than their true 


places, while the Anomaly is leſs than ſix ſigns; 
and their true places are forwarder than the mean, 
while the Anomaly is more. 

Hence it is evident, that while the Sun's Ano— 
maly is leſs than fx ſigns, the Moon will overtake 
him, or be oppoſite to him, ſooner than ſhe could 


if his motion were equable; and later while his 


Anomaly is more than ſix ſigns, —The greateſt dif- 
ference that can poſſibly happen between the mean 
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and true time of New or Full Moon, on account 
of the inequality of the Sun's motion, is 3 hours 
48 minutes 28 ſeconds: and that is, when the 
Sun's Anomaly is either 3 ſigns 1 degree, or 8 ſigns 
29 degrees ſooner in the firſt caſe, and later in the 
laſt. —In all other ſigns and degrees of Anomaly, 
the difference is gradually leſs, and vaniſhes when 
the Anomaly is either nothing or ſix ſigns. 

The Sun is in his Apogee on the 3oth of June, 
and in his Perigee on the 3oth of December, in the 
preſent age: ſo that he is nearer the Earth in our 
winter than in our ſummer. The proportional 
difference of diſtance, deduced from the difference 
of the Sun's apparent diameter at theſe times, is 
as 983 to 1017, 

The Moon's orbit is dilated in winter, and con- 
tracted in ſummer; therefore, the Lunations are 
longer in winter than in ſummer. The greateſt 
difference is found to be 22 minutes 29 ſeconds: 
the Lunations increaſing gradually in length while 
the Sun is moving from his Apogee to his Perigee, 
and decreaſing in length while he is moving from 
his Perigee to his Apogee. — On this account, the 
Moon will be later every time in coming to her 
conjunction with the Sun, or being in oppoſition 
to him, from December till June, and ſooner from 


June to December, than if her orbit had continued 


of the ſame ſize all the year round. 

As both theſe differences depend on the Sun's 
Anomaly, they may be fitly put together into one 
Table, and called The annual, or firſt equation of the 
mean to the true ſyzygy (ſee Table VII.). This 
equational difference is to be ſubtracted from the 
time of the mean ſyzygy when the Sun's Anomaly 
is leſs than fix ſigns, and added when the Anomaly 
is more.—At the greateſt, it is 4 hours 10 minutes 
57 ſeconds, viz. 3 hours 48 minutes 28 ſeconds, 
on account of the Sun's unequal motion, and 22 


® The word /zygy fignifies both the cor junction and oppo- 
fition of the Syn and Moon, | : 
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minutes 29 ſeconds, on account of the dilatation of 


the Moon's orbit. 

This compound equation would be ſufficient for 
reducing the mean time of New or Full Moon to 
the true time, if the Moon's orbit were of a cir- 
cular form, and her motion quite equable in it 
But the Moon's Orbit is more elliptical than the 
Sun's, and her motion in it ſo much the more un- 
equal, The difference is ſo great, that ſhe is ſome- 
times in conjunction with the Sun, or in oppoſi- 
tion to him, ſooner by 9 hours 47 minutes 54 ſe- 
conds, than ſhe would be if her motion were 
equable; and at other times as much later, The 
former happens when her mean Anomaly is 9 ſigns 
4 degrees, and the latter when it is 2 ſigns 26 de- 
grees. See Table IX. 

At different diſtances of the Sun from the Moon's 
Apogee, the Figure of the Moon's Orbit becomes 
different. — It 1s longeſt of all, or moſt excentric, 
when the Sun is in the ſame ſign and degree either 
with the Moon's Apogee or Perigee; ſhorteſt of 
all, or leaſt excentric, when the Sun's diſtance 
from the Moon's Apogee is either three ſigns or 
nine ſigns; and at a mean ſtate when the diſtance 
is either 1 ſign 15 degrees, 4 ſigns 15 degrees, 7 
hens 15 degrees, or 10 ſigns 15 degrees. When 
the Moon's Orbit is at its greateſt excentricity, her 
apogeal diſtance from the Earth's center 1s to her 
perigeal diſtance from ir, as 1057 1s to 933; when 
leaſt excentric, as 1043 is to 957; and when at 
the mean ſtate, as 1055 is to 945. 

But the Sun's diſtance from the Moon's Apogee 

is equal to the quantity of the Moon's mean Ano- 
maly at the time of New Moon, and by the addi- 
tion of ſix ſigns, it becomes equal in quantity to 
the Moon's mean Anomaly at the time of Full 

Moon. Therefore a table may be conſtructed ſo as 
to anſwer all the various inequalities depending 
on the different excentricities of the Moon's Orbit, 
in the ſyzygies; and called The ſecond equation of 
v4 the 
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The Conſtruction of the following Tables. 
the mean to the true ſyzygy (ſee Table IX.); and the 
Moon's Anomaly, when equated by Table VIII. 


may be made the proper argument for taking out 
this ſecond equation of time, which mult be added 


to the former equated time, when the Moon's Ano- 


maly is leſs than ſix ſigns, and ſubtracted when the 
Anomaly 1s more. 
There are ſeveral other inequalities in the Moon' 


motion, which ſometimes bring on the true ſyzypy 


a little ſooner, and at other times keep it back a 


little Jater than it would otherwiſe be : but they 


are ſo ſmall], that they may be all omitted except 
two; the former of which (/e Table X.) depends 


on the difference between the Anomalies of theSun 


and Moon in the ſyzygies, and the latter ( ex 
Table XI.) depends on the Sun's diſtance from 
the Moon's Nodes at theſe times.—The greateſt 
difference ariſing from the former, is 4 minutes 50 
ſeconds; and from the latter, 1 minute 34 ſeconds, 


Having deſcribed the Phenomena ariſing from the ine- 
qualities of the Solar and Lunar Motions, we ſhall 
now ſhew the reaſons of theſe inequalities. 


In all calculations relating to the Sun and 
Moon, we conſider the Sun as a moving body, and 
the Earth as a body at reſt; ſince all the Appear- 


ances are the ſame, whether it be the Sun or the 


Earth that moves. But the truth is, that the Sun 
is at reſt, and the Earth moves round him oncea 
year, in the plane of the Ecliptic. Therefore, what. 
ever ſign and degree of the Ecliptic the Earth 1s 
in, at any given time, the Sun will then appear 
to be in the oppoſite ſign and degree. 

The nearer that any body is to the Sun, the 
more it is attracted by him; and this attraction 
increaſes as the ſquare of the diſtance diminiſhes; 
and vice verſa. 


The Earth's annual Orbit is elliptical, and the | 
Sun is placed in one of its focuſes, The remoteſt 


point 
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int of the Farth's Orbit from the Sun is called 
The Earth's Aphelion; and the neareſt point of the 
Earth's Orbit to the Sun 1s called The Earth's Pe- 
ribelion, When the Earth is in its Aphelion, the 
Sun appears to be in its Apogee; and when the 
Earth is in its Perihelion, the Sun appears to be 
in its Perigee. | 

As the Earth moves from its Aphelion to its 
Perihelion, it is conſtantly more and more at— 
tracted by the Sun; and this attraction, by con- 
ſpiring in ſome degree with the Earth's motion, 
muſt neceſſarily accelerate it. But as the Earth 
moves from its Perihelion to its Aphelion, it is 
continually leſs and leſs attracted by the Sun; and 
25 this attraction acts then juſt as much againſt the 
Earth's motion, as it acted for it in the other half 
of the Orbit, it retards the motion in the like de- 
gree.— The faſter the Earth moves, the faſter will 
the Sun appear to move; the ſlower the Earth 
moves, the flower 1s the Sun's apparent motion. 
| The Moon's Orbit is alſo elliptical, and the 
Earth keeps conſtantly in one of its focuſes, 
The Earth's attraction has the ſame kind of in- 
fluence on the Moon's motion, as the Sun's at- 
traction has on the motion of the Earth: and 
therefore, the Moon's motion muſt be continu- 
ally accelerated while ſhe is paſſing from her Apo- 
gee to her Perigee; and as gradually retarded in 
moving from her Perigee to her Apogee. 

At the time of New Moon, the Moon is nearer 
the Sun than the Earth is at that time, by the 
whole ſemidiameter of the Moon's Orbit; which, 
at a mean ſtate, is 240,000 miles; and at the 
Full, ſhe is as much farther from the Sun than 
the Earth then is. — Conſequently, the Sun at- 
tracts the Moon more than it attracts the Earth 
in the former caſe, and leſs in the latter. The 
Citerence is greateſt when the Earth is neareſt the 
dun, and leaſt when it is fartheſt from him. The 
obrious reſult of this is, that as the Earth is neareſt 
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the Anomalies of the Sun and Moon, and upon 


ſtom Change to Change) returns very nearly to 
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to the Sun in winter, and fartheſt from him in 
ſummer, the Moon's Orbit muſt be dilated in 
winter, and contracted in ſummer. 

Theſe are the principal cauſes of the difference 
of time, that generally happen between the mean 
and true times of conjunction or oppoſition of the 
Sun and Moon. As to the other two difference, 
viz. thoſe which depend on the difference between 


the Sun's diſtance from the lunar Nodes, in the 
ſyzygies, they are owing to the different degrees 
of attraction of the Sun and Earth upon the 
Moon, at greater or leſs diſtances, according to 
their reſpective Anomalies, and to the poſition of 
the Moon's Nodes with reſpect to the Sun. 

It ever it ſnould happen, that the Anomalies of 
both the Sun and Moon were either nothing or fix 
figns, at the mean time of New or Full Moon, 
and the Sun ſhould then be in conjunction with ei. 
ther of the Moon's Nodes, all the above-mentioned 
equations would vaniſh, and the mean and true 
time of the ſyzygy would coincide. But if ever 
this circumſtance did happen, we cannot expect 
the like again in many ages afterward. 

Every 49th Lunation, (or Courſe of the Moon 


the ſame time of the day as before, For, in 49 
mean — there are 1446 days 23 hours 58 
minutes 29 ſeconds 25 thirds, which wants but! 
minute 30 ſeconds 34 thirds of 1477 days. 

In 295305998 5108 days, there are 100000000000 
mean Lunations exactly: and this is the ſmalleſt 
number of natural days in which any exact num- 


ber of mean Lunations are completed. 
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1BLE I. The mean Time of New Moon in March, Old Stile; ævith the me 


Jnmalies of the Sun and Moon, and the Sun's mean Diſtance from the Moon” 
Jeending Node, from A. D. 1700 70 A. D. 1800 incluſive. | | 


Z\Mean New Moon] Sun's mean Moon's mean Sun's mean Diſt. 
0 | in March, Anomaly, Anomaly. from the Node. 
25. H. M. 5 „ "EE Ex "8 3 
pos 16 1 2 19 58 40 22 30 376 % „ of 
ae) 13 44 52 8 20 69 38 7 427 23 1 B# 
ls 22 32 41} 8 27 36 51h 7 55 47 8 1 16 55 
x 6 7 21 1818 16 52 4309 17 43 52] 8 9 19 42 
4. 4 $3519 5 14 544 ag ao $719. 8 ao 
i; 13 42 348 24 30 477 3 9 29 26 g 3 
ma 23 31 1118 23 46 30 f 1.57 wie & © i 
my ©. 3 $09 2 5 goig: 38 34 1318 166 a 
ois 4 52 2:7] 8 21 24 43] 2 28 22 1801 20 ” | 
92g 2 25 79 9 46 5412 3 59 24|o0 29 37 i 
los 11 13 43]8 29 2 47 13 47 300 1 7 39 54 1 
1107 20 2 20 8 18 18 390 23 35 36 0 15 4 4 2 
15 7 34 599 6 40 51] 9 29 12 42] 2 14 25 7 1 
1 2 23 368 25 56 438 9 o 473 2 28 30 Fs 
44 11 -22 2131 6..15 22 3516 38 48 52193 ann 17 5 
. 4 519 3 34 „„ 44 34 554 & i uf Tos 
m7 33 20 8 22 50 e i4 4 R203 "Ri. 
ms 2 22 T s 12 6: 2019 is © $45 £2 52 "Wi f 
9 23 54 45]9 © 28 44|1 19 39 136 14 2 54 14 
99 83 43 228 19 44 371 29 27 1806 22 5 41 14 
10 1911 5 4 2448 0 48 43 1 
116 15 4 38 8 27 22 41] 9 14 52 298 51 29 14 
"1 23 53 148 16 38 337 24 10 34 8 16 54 16 #4 
t 21 25 54/9 5 © 45}.7 © 17 %% 2s 39 if 1 
14 38 24 16 37/5 0 8 45.6 3 % 5 EY 
= 8 3 > 8 13 32 29 3 19 53 golto tit 42 52 Wy 
20121 12 33 419 1 $4 4% 2 35 30. hl 20 36 © ep 
* 21 24 23 8 21. 10 3% % ig mw 2 41 Wt 
FP 57 19 9 5: 00. & AS 7 11 42 "il 
— — — . . = 
, 3.45 498 28 48 39% 20 44 12/1 15 14 290 ik 
307 12 34 16) 8 18 &-& .31] 2 % 3 17 3 29 29 $0 1 
6 10 6 $519 6.20 qi 3-6: 9 29 33 35 111 
3214 18 5 5 3 8 25 42 24 6 17 28 1 3 + FE, 


TABL'E 


— 


nr hank” wn 1 "” 27.4 _— 


Abronomical Tables. 


* 


3 


TABLE I. continued. Old Stile. 


ö 


Mean New Moon] Sun's mean Movun's mean Sun's mean Dj 
© | in Merch. Anomaly, Anomaly. | from the Note. 
O [— —— 
A // / / *Jo © 7 Foes 

17334 3 44 98 14 58 20/4 25 45 33] 3 18 
09 1 10 499 14" 20 36/4 1 82 39 4 26 
acl io £ 25/5 22 36 30% 2 1t 10 405 4 
oe 15 54:28 1t £2 22]0 20. 58 49| 5 12 
iin 16 260. 429 o 14 34% 26 35 55 6 21 

_—D -- e $0. 26j10 6 24 0 6 29 
F ͤ 17 $2: $01 9- 127 2: fs - 8 
% „ 7 $ 20/7 21 40 ,11-8 16 

1741 EE. AE EEE ECT 

174224 13 57 529 4 46 34/5 7 14 2200 3 
SS $5 26 209 $4 2 $71 3 17 - # 23100: 1 
wag 7 35 - 418 133 18 200 1 26 50 320 19 
— 7 7 <5 4 1-5. 27 ga: 88 
ie 13 56 30 8 20 56 24% 12 1 43jo 6 
247189 11: 29 ©o 9. i9. 18. 36110 17 52 40 1 14 

ang 20 17 3618 88 34 280 8 27 40 54/1 22 
J ” jo 7 7 2 <8 20 
0ꝝ•n 3} 9 je i: z/6 233: 6 '5|3 9 
1755 7 OS Bc 25-24! 4 22 $4 189 2 5 
—_— 0 16 5 4 44 $$ 3- 2 47. ret 9g 35 
% n 6 28/2 8 2g 1}; 4 
„%% 9 2 322 20/0 439' 7 abi 18 
— 1 $5 00 8 236 28j0 #7. 55 2g 5 © 
wecig 3 58 38jy lo © 24 3 32 37 6 39 
Rs -17 47 2319s Mg 26 16/8 13 20 4717 7 
wnsSiz7 3s ww i$4[9 [7 38 28/7 18 57 4 8 Ig 
ion? o 8 34/8 26 54 20] 5 28 45 54/5 24 
_—_— wv 5 © 10 24 3 36. 69 ' 2 

[1761|24 6 609 14 32 24 $3.:14 60 10 
176213 15 18 24] 8 23 48 160 1 23 59 110 18 
%% 83 4 $10 3:47 1610 26 
wyGglao 21 39 4019 {13 26 2013 g 24 2110 $ 
e "6 28 23931 8 Ro 42 13] 9 19 183 20,0 03 
—_— 4 a9 j9 4 2043. 24-49 $23 1 38 


Aſtronomical Tables. 301 


8 


| TABLE I. concluded. Old Stile. 

Te Mean New Moon Sun's mean | Moon's mean |Sun's mean Diſt. 
| in March. Anomaly. | Anomaly. from the Node. | 
7 iD. H. M. S.| s Bb. 3 pe 

12 49 338 28 20 177 4 37 3712 © 23 38 
21 38 10 5 17 % W Wu ic es = 25 
tg 10-40 9 $5.55 2 % 20 2 aff g3 7 aca 
3 59 20 8. 25 14 13 2 29 50 53 3 25 12 14 
I2 4s 25 14 30 $3 96 38 4 $2693 
10 20 430 9 2 $2 170-15 16 43 Hs 
0 9 105 2» C6 AU Wn 6 © 20-0: of 
3 $7 $5] % 11 24. 119 4 $2 14/8 WS 
1 30 358 29 46 13]8 10 29 207 6 49 48 
w-' 19 125 19 2 $06 6 17 ag 7 1 25 
7 $1- % 7 24 17]s 25 54 3118 23 32 26 
w 40 248 26 40 l 54. 4% 369 Ln 
1 29: 418 us 50. 1's 15 30 .4i/9s SS Ts 
23 1 449 4.15 1351 ,ñ RR. 
7 50 2113. 23 34 e - @ 55 „%% nn 
16 38 = 8 12 49 58.10 10 43 5711 4 
, uo mw, 
%% 1% 20 25 37 © 9 Yo 2mm 23 
32 3319 83 en / as 
,,, ws RS 
is wo 6 8 17 21 59] % 24 22 „ 
11 42 409 5 44 112 26 59 30j3 24 44 1 
a 31 23 83 25 © 318 6 97 35/14 as 
5 19 59/8 14 15. 55] 16 35 40/4 10 49 35 
-» #* $2 30/9 2 35  7j1bo, as 12 gs Ss 

HAT 11 41 15 s 21 53 548 8 0: „ 
e 9 13 g5| 9 10 16 18 7 37 58/7 . 6 as ab 
75 8 2 3208 29 32 5 % 26. 1 46. 6 ws 

,,, 07 LS 

P 33 40 9' 7 20 74 & 5 1 6 RR: 
6 9 12 248 26 25 59 2 12 39 1999 9 9 48 
, 26 HE 35 
15 23 %% 4 4 3%] 28 4 %% 
2 0 22 178 23 19 dee ca 36100 "ne 


302 


g 8 


Aſtronomical Tablet. 


to A. D. 1800. 


TA BLE II. Mean New Moon, &c. in March, New Stile, PI A. D 


» Us 


Mean New Moon| Sun's mean Moon's mean Fun s mean Dj 
in March. Anomaly. Anomaly. | from the Node. 
o £0 "a 
14 20 16 608 14 44 16] 3 2 42 150 3 25 yo ; 
$ $4 e $1 8 0 4 3: a1 
= 7 a mm 22 260 38. 7 fc -& 1 
in 3t 30 Ss 2 38 210 87 $5 18 1 20 29 
= 3 $6 Ss 0 0 a2qg0 3.95 2 29 12 
is 17 47 3s 29 16 16) 8 1g 2 4 * $3: 196 
SS .:3 866 668 BÞ 3» $6 823-8 17 1M 11:9 
238 o 8 318 26 54 205 28 45 54/8 24 0; 
= 37 ie i 4 '3. 6 cA$S & $70 
— 7 44 Ka 3 i 22 9 © v1 
= ic 29 8 04 4s 2612 83  c9. indo 3-421 
oO NES 4 Ro 3:45 WM © 
. Sis 2 [0 13 33 20 4 4 
jz 0 Ins $0.49 il 9 10 12 Go B vi 
[10 ic 0 38 io $8 $17. 29: © $610 88 40:1 
29 12 49 338 28 20 177 4 37 3712. 0 23} 
= 3 , % Ooisg 3s 35 6s 5 
; 06 266 08 16 2 413 3s 13.478 Þ wi 
6jõů 6 35 234 13} 2. 89 $0 $23 33 Wi 
1 ET 314 3© $14 9 5 44. 3. 5 
3 21 36 398 3 45 37/1 17 27 34 11 7 
F -& Wo 3; 4. 05 0 1 
» 3 7 230% jr 24 Ty. 4 5* {6 # $1 
1 12 46 3118 © 39 53,7 14 49 196 6 61 
wo was jo: 2 £16 ao 7 aq7 U O17} 
„ 7 Sys 0: 5 07 BF 
J 685 6-40 90/4 $$ 449 69 43 1 
1 , us is 30.4844 3 35 
ͥÿ RS is 11: 530 235 18 ay #7 #4 
7 $6 08 p © $5 cawe © 8 
16 0 209 22 49 ho 1 4$ $7ur 4 26 
” 1 9 Ins f e 28 32 39 
= 23 a8 ko 238 e g $0 $137 
7 2805 [9 43 $519. 5..57-,490 0: 7 
=— MT 8 © 7c 1136 165 7 5h 


[| 


Aſtronomical Tables. 


303 


»*»„ 


TABLE Il. ccd. New Stile. 


| 


— > —__ = = Ab 7 1 
— = 8 — — 
—— — — — : ——= 
a — — 2 — — —— ä - 
— 8 a 4 - ä * . I 
— A * > 2 N — 
2 — x 2 2 oo 
— CESS — . — — * 
* —— — 2 - 


——— 


— 2 — 
DR — — — 
— — — — — 
— 2 2 - 
S E 2 3 £7 
— — 


2. —— 
——— 


— 


— — 


— 


—— —_ 
=> ps lacs. 
— 


can 1 Sun's mean Moon's mean |Sun's mean Diſt 
o | in March. | Anomaly. Anomaly. | from the Node. 
0 | _ a 
7 1D. H. a6 Vs © © 
178718 14 10 608 17 21 59} 3 21 22 24\ 2 16 
1788] 6 22 58 428 6 37 512 1 10 29 2 24 
os 20 31 238 25 © 3 1 6 47 35| 4 2 
1900 1iß 5 19 5918 14 15 55/¼˙1 16 35 40] 4 10 
791] 4 14 8 358 3 31 479 26 23 45| 4 18 
ooken 18 41 261 8 21 g$3 $009 3 0 Hs: 20 
1793111 20 29 518 11 9 51] 7 11 48 576 5 
, 7 a6 4 7 I 
nw 3 © 0753 18.4 14 7 14 SG 
179018 11 39 4448 8 3 473 7 2 148 o 
b? 9 12 2408 26 25 59|2 12 39 1909 9 
hoe 28 2x 1 8 ng 430: 6h @ 2 $7 26 6-20 
2% 2 49 37]8 4 57 431 2 15 399 25 
Booz o 22 17] 8 23 19 5ggjllo 7 52 36118 3 58 24 


TABLE III. Mean 4 and Sun's mean Diſtance . from the Node, 
| 


for 13% mean Lunations, 


Mean | Sun's mean { Moon's mean Sun's mean Ditt.f 

No. | Lunations, Anomaly. Anomaly. from the Node. 
4. MM 3s + TT > _ 7. Rs 
129/12 44 yo 29 - 6-4 @ 37 4d OE L=2 
10: 1 88 on 8 5 WEL 0 W TSEMCS 
11 50:14 18 oo £ 27 19 Ns 37 27 L460 
, 00 Sk _ 5 
07145 40 1934 35 © 3H 9 5 #2610 
9 4 14 1805 24 37 55 4 54 36 4 
7% 17 8 21]6 23 44 15]6 © 43 372 4 
v|236 5 52 247 22 50 35]6 26 32 38 5 
| y og is 36 27 8 an 56 cal „ 21 419 ©6 
al 0 $09 27-9 14} 8 18 10 4 10 6 
n „„ 9 3H Þ 23-39 RES 
a 1354: $:-48 - goſtt 39 1% 52116 9g 48 514 2 
, 37 Sf 0 
L114 18 22 200 14 33 Ic| 6 12 54 30 | o 15 


1 


it. 


\ 


1 


Aſtronomical 7. ables. 


r 


TABLE IV. 


beginning of March. 


The Days of the Year, reckoned from the 


| 


8424 | 


88 wwe aas — 


— 


* 


N 


— ô 


3 „F 


” 3 0 6-4-0 


— 


S E | *12qwardag 


> 
2 


E 


_ 


| 


*12quaaoeyy 


NN NSD 
[SEES 
O © ww 


251 


to 
1 
N 


to 
Un 
2 


EYRE 
Wy WW. wn Www wn 
© ww vn Wn + 


261 
202 
263 
264 
265 
266 
267 


268 
269 299 
270 300 331 


271 
272 
273 
274 
275 


i qu ο 


— 


Nv 
I 
— 


283 
284 
285 


— 


2861: 


287 
288 
289 


291 
292 
293 
294 
295 
296 


* 
298 


301 
302 
303 
304 
3-3 
300 


| 


Aung 


332 
333. 
334 
335 
336 


(337 


TABLE 


— —— = 


1 — — 
2 * 


Nironomical Tables. | 30g 


— „ I _ 
＋ꝙꝓͤ.ũ —_— 
— 


"TABLE V. 
[Lunat. Days. Decimal Parts. Days. Hou. M. . Thi Fo. 


| — 


Mean Lunat ions from 1 to 100000, 


— — . 2 
= - - - — 
— — — = A — 
2 — — uf — 
2 —— . * 2 
— as * 1 — 
SIS CES, — 


— * * * =. 4 — . 2 
— — Fo crore raed 
—— 2 — 2 — = 
n 2 — — n x 
— —— —— * a 
— = 
— 


42242 et ae we = 


. „ ——— 
_—_— * =” TR —— 
— WH - 1 
——— Babe es 


29. 530590851080 = 29 12 44 5 
59. 061181702160 59. 3 „ 
88. 591772553240 nnn 26 
118. 122363404320 us. „„ 53 
147. 652954255401 147 15 40 15 14 52 
177. 183545 10048 1i[ 177 4 24 18 17 50 
206. 714135957561 200 237 $8 8 
236. 244720808641 236 
9 205. 775317659722 265 
Io] 295+ 3059085 1080 295 
20] 590. 61181702160 590 
30 885. 91772553240 885 
400 1181. 22363404320 1181 
50] 1476. 52954255401] 1476 
600 1771. 83545 06481 1771 
70] 2067. 14135957561 2067 
80 2362. 44726808641 2362 
gel 2657. 75317659722 2657 
100 2953, 059085 1080 2953 
200 5906. 1181702160 5906 
| 309 889. 1772553240] 8859 
400 11812, 23634043200 11812 
500) 14765. 2954255401] 14765 
600] 17718. 3545100481 17718 
700] 20671. 4135957561] 20671 
800] 23624. 4720808641] 23624 
goo] 26577. 5317059722] 26577 
1000! 29530. 59085 i080] 29530 
2000] 59061. 181702160] 59061 
zoco BS8591. 772553140] 88591 
4c 118122. 363404320] 118122 
5000} 147052. 954255401] 147652 
6000] - 177183. 545100481] 177183 
7009] 206714. 135957561] 206714 
80090} 230244. 720801641] 236244 
9ο 205775 317659722] 205775 
10000] 295305, 9085 1080} 295 305 
ove 590611. 81702160] 590611 
zoo 885917.7255 3240 885917 
40000] 1181223. 634043200 1188223 
50000] 1470529. 542554010 1476529 
| 60000] 1771835. 451064810 1771835 
| 70000 2007141. 35957561] 2067141 
Scooo 2362447. 20808641] 2362447 


2057753+ 17059722} 2057753 
102000) 2953959. 085 1080] 2952059 


X 


—— ee Don 

— me on ene 

. — — 
— —— . Vu 
+ A — 


2 * 1 þÞ * I — *, 
ne 99 ” + wo. 4, 2 Bind nA, . eve FRA — : * . \ a . — AL 
N * "ts r 1 . : 8 r Gent N e . L —_— — — — 22 AE 2 wy —— : — 
l 1 4 1 > _— „ ot — 4 N 1 — . 22 — — * * 7 1 0 p _ — 
2 n eren - I rr + hs 0 Ss * rr n ** * off 8 1 — n F & 
4 p K x into Io > AS . n LR hp l „ Rr 4 __— . bi * 14 — * — 
— p 4 * 1 . ho — * 8 1232 * * . 1 « , - " FE * 2 * " 
— 3 ———_ ͤ ˙——— * » — r 
Ae 8 2 . 5 : = R 2 — my \ x - 


— . * 
DESIRES 
———— = 


© Ou Sw NN w 


rr #3 n 


„„ 


a” 
—— — T * 
. R n * 


Oo 
O 
Oo 
O 
— 
of 9 a 5 vo hy 0 3 +28 2 WoL * 
\ 4 m * 


ne oh 
l 
e 

* 
LS 


a 


= OP CO nn — - Sn. — — = 2 = 2 22 =: — waar thor omen rr eh 
= . — — oe pt - 2 . — oY l Co POR an STi. ao cr, Ac 2. 3 _ EE ns ES. ee — — — — 
nw" A ; : r * 2 r 8 -, * * —— — r +. I pier, = Po I. 4. . x — = : nt 
p . *, — n * — — — we — * ay * — — i . — — — nnd - — — 
v * Ae L 3 - p | — — 3 g ue En rn I - = 
n * 8 who oo PI NEE Ay ©. wv "RE 8 D - %% my 4 * 3 . 8 . E — = g ER —— = 9 222 
— a N . - * 22 * r = U - „ 4 - * p * 4 - * 2 & Vs FR... "IEA O 4 — [er £2 * = _ — 282 — 2 ů — Bs > _ A. + _ 
5 — 2 — n 2 wo * — a n v3; : — * ba , 2 £5 A CD. — 4 — . : l 7 
— — — 
, n n - F * 1 WI 
. 1 - T1 - > IT oa ge a — 4 : | . — > 8 ITY — — 
W Av, COLES LES "ns r reer * — — 2 RY RAE. 2 — 2 * I 2 2 —— 
— — Comma —ñ — — SETS, a et — 
4 : a 4 


4 — yoo —_— — 2 —— — 
D A — — J 
5 2-50 Wu , 4 
LL» r r 2 * l 
—— > — 4 * 
RA e * 
— * 
2 
2 — - _ 1 — 


17 
"INF * 
* 


1 


306 


Aſtronomical Tables. 


— 


: wind 
TABLE VI. The firſt mean New Moon, with the mean Anoma. 
lies of the Sun and Moon, and the Sun's mean Diftance from thy 
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TABLE X. The third Equation || TABLE XI. The fourth Equation wil | 
| of the mean to the true Syzyg y. of the mean to the true Syzyg y. 1 
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[TABLE XII. The Sun's mean Longitude, Motion 
3 

; and Anomaly : Old Stile. 

= ; Sun's mean |Sun's mean||5 | Sun's mean |Sun's mean 

7 Longitude. | Anomaly, 3s Motion. Anomaly, 

= ON * x. — — — 

5 3 8 © 1 || . 1 

19. 7 53 106 28 48 19/11 29 24 16 {11 29 

20109 9 23 506 26 57% 2000 o 9 4 fl 29 x8 

3019 10 9 106 26 10 4000 0 18 8 li 29 3 

401] 9 10 54 30 6 25 5 60 O o 27 12 ll 29 26 

5019 11 39 506 24 9 80 o o 36 16 [11 29 x 

100109 15 26 306 19 32 1000 0 © 45 20 [11 29 4 

1101 9 16 11 506 18 36 2000 © 1 30 40 [11 28 8 

11201] 9 16 57 10 6 17 gol] 300 0 2 16 O l 27 1 

13019 17 42 30 6 16 44 4000 © 3 1 20 1 26 16 

1401] 9 18 27 50 6 15 49 500 © 3 46 40 fl 25 2 

[1501] 9 19 13 10 6 14 53/ 600 O 4 32 O fit 24 25 

1601] 9 19 58 30 6 13 57 7000 © 5 17 20 l 2; 29 

1701 g 20 43 24 13 1 8000 0 6 2 40 [11 22 3; 
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J—— — ooo © 7 33 2 [11 20 4 
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E Motion. Anomaly. 30000 o 22 40 © [11 2 ; 
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1511 29 22 27 11 29 7 Sept.] 7 29 30 447 29 3 
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TABLE XII. concluded. 19 
| [Sun's mean] Sun's mean [Sun's mean|Sun's mean [Sung mean | ws 
Motion and] Motion and | Diſt. from | Motion and | Diſt. from 1 
5 Anomaly. | Anomaly. | Node. | Anomaly. Node. 1 
— — — — 1 | 
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00 l Leap years, after February, add one dav, and one day's motion. 


TABLE 


| 314 | Aftronemical Tables. 


TABLE XIII. Equation of the Sun's Center, or 
' the difference between his mean and true Place. 
Argument. Sun's mean Anomaly, 185 
. dubtraet Ss 
—_ 5 * 3. 4 3 
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ABLE IV. The Sun's TABLE XV. Equation of the Sun 7 
| : Declination. | mean Diſtance from i the Nude. 


ar ument Sun's, true Place. 1 Argument. Sun's mean Anowaly., 
| signs. Signs. Signs. Subtract 
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_ XVLITABL E 
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Precepts relative to the preceding Tables, 


7 calculate the true time of New or Full Moon. 


PrEcePT I. If the required time be within the 
limics of the 18th century, write out the mean time 
of New Moon in March, for the propoſed year, 
ſom Table I. in the Old Stile, or from Table II. 
in the New; together with the mean Anomalies 
of the Sun and Moon, and the Sun's mean Diſ- 
tance from the Moon's afcending Node. If you 
want the time of Full Moon in March, add the 
half Lunation at the foot of Table III. with its 
Anomalies, &c. to the former numbers, if the 
New Moon falls before the 15th of March; but 
if it falls after, ſubtract the half Lunation, with 
the Anomalies, &c. belonging to it, from the for- 
mer numbers, and write down the reſpective ſums 
or remainders. 

II. In theſe additions or ſubtractions, obſerve, 
that 60 ſeconds make a minute, bo minutes make 
a degree, 30 degrees make a ſign, and 12 ſigns 
make a circle, When you exceed 12 ſigns in ad- 
dition, reject 12, and ſet down the remainder.— 
When the number of ſigns to be ſubtracted is 
greater than the number you ſubtract from, add 
12 ſigns to the leſſer number, and then you will 
have a remainder. to ſet down.—In the Tables, 
ſigas are marked thus*, degrees thus“, minutes 
thus', and ſeconds thus“. 

III. When the required New or Full Moon is 
n any given month after March, write out as many 
Lunations, with their Anomalies, and the Sun's 
diſtance from the Node, from Table III. as the 
given month is after March; ſetting them in order 
below the numbers taken out for March. 

IV. Add all theſe together, and they will give 
the mean time of the required New or Full Moon, 
with the Mean Anoralics and Sun's mean diſtance 
from the aſcending Node, which are the Argu- 
ments for finding the proper Equations. 


V. With 
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Precepts relative io the preceding Tables. 


V. With the number of days added together 
enter Table IV. under the given month; and 
againſt that number you have. the day of mean 
New or Full Moon in theleft hand column, which 
ſet before the hours, minutes, and ſeconds, already 
found, >: | 

But (as it will ſometimes happen) if the ſai ! 
number of days fall ſhort of any in the column 
under the given month, add one Lunation and its 
Anomalies, &c. (from Table III.) to the foreſaid 
ſums, and then you will have a new ſum of day; 

wherewith to enter Table IV. under the given 
month, where you are ſure to find it the ſecond 
time, if the firſt falls ſhort, | 

VI. With the ſigns and degrees of the Sun's 
Anomaly, enter Table VII. and therewith take 
out the annual or firſt Equation for reducing the 
mean Syzygy to the true; taking care to make 
proportions in the Table for the odd minutes and 
ſeconds of Anomaly, as the Table gives the Equi- 
tion only to whole degrees. 

Obſerve, in this and every other caſe of finding 
Equations, that if the ſigns are at the head of the 
Table, their degrees are at-the left hand, and are 
reckoned downward; but if the ſigns are at the 
foot of the Table, their degrees are at the right 
hand, and are counted upward; the equation be- 
ing in the body of the Table, under or over the 
ſigns, in a collateral line with the degrees,—Thc 
titles Add or Subtradt at the head or foot of the 
Tables where the ſigns are found, ſhew whether 
the Equation is to be added to the mean time 0! 
New or Full Moon, or to be ſubtracted from t. 
In this Table, the Equation is to be ſubtraftec 
if the ſigns of the Sun's Anomaly are found 2! 
the head of the Table; but it is to be added, f 
the ſigns are at the foot. n 

VII. With the figns and degrees of the Sun“ 
mean Anomaly, enter Table VIII. and take out 


the Equation of the Moon's mean Anomaly; ſud- 
8 trac 
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| Precephs relative to the preceding Tables, 


tract this Equation from her mean Anomaly, if the 
ſigns of the Sun's Anomaly be at the head of the 
Table, but add it if they are at the foot; the re- 
ſult will be the Moon's equated Anomaly, with 
which enter Table IX, and take out the ſecond 
Equation for reducing the mean to the true time 
of New or Full Moon; adding this Equation, if 
the ſigns of the Moon's Anomaly are at the head 
of the Table, but ſubtracting it if they are at the 
foot, and the reſult will give you the mean time of 
the required New or Full Moon twice equated, 
which will be ſufficiently near for common alma- 
nacks. But when you want to calculate an Eclipſe, 
the following Equations muſt be uſed: thus, 

VIII. Subtrad the Moon's equated Anomaly 
from the Sun's mean Anomaly, and with the re- 
mainder in ſigns and degrees, enter Table X, and 
take out the third Equation, applying it to the 


former equated time, as the titles Add or Subtract 
do direct. 


IX. With the Sun's mean diſtance from the 


aſcending Node enter Table XI, and take out the 
Equation anſwering to that argument, adding it to, 
or ſubtracting it from, the former equated tirne, as 
the titles direct, and the reſult will give the time 
of New or Full Moon, agreeing with well regu- 
lated clocks or watches, very near the truth, Bur, 
to make it agree with the ſolar, or apparent time, 
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at 32min, 25 ſec. after 10 o'clock in the morning. 
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Concerning Eclipſes of the Sun and Moon. 


So that in the meridian of London, the Sun Was 


then juſt entering the ſign «= Libra, and conſe. 


quently was upon the point of the Autumnal Equi. 
NOX, 
If to the above time of the Autumnal Equinox 
at London, we add 2 hours 25 minutes 4 ſeconds 
for the Longitude of Babylon, we ſhall have for 
the time of the ſame Equinox, at that place, Oc. 
tober 23d, at 19 hours 22 minutes 41 ſeconds; 
which in the common way of reckoning, is Os. 
ber 24th, at 22 minutes 41 ſeconds paſt VII in 
the morning“. 

And it appears by Example VI. that in the ſame 


year, the true time of Full Moon at Babylon was 


October 23d, at 42 minutes 46 ſeconds after VI in 
the morning; ſo that the Autumnal Equinox was 
on the day next after the day of Full Moon.—The 
Dominical letter for that year was G, and conſe- 
quently the 24th of OZober was on a Wedneſday, 


The reaſon why this calculation makes the Autumnal 
Equinox, in the year of the Julian Period 706, to be two days 
ſooner than the time of the tame Equinox mentioned in page 
15 3, is, that in that page only the mean time is taken into 
the account, as if there was no Equation of the Sun's motion, 

The Equation at the Autumnal Equinox then, did not ex- 
ceed an hour and a quarter, when reduced to time,—PBut, in 
the year of Chriſt 1756, (which was 5763 years after) the 
Equation at the Autumnal Equinox amounted to 1 day 22 
hours 24 minutes, by which quantity the true time fell later 
than the mean.— So that, if we conſider the true time of thi 
Jaſt-mentioned Equinox, only as mean time, the mean Motion 
of the Sun carried thence back to the Autumnal Equinox 1n 
the year of the Julian Period 706, will fix it to the 25th d 
October in that year, 
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Concerning Eclipſos of the Sun and Moon. 


— . — 


To find the Sun's diſtance from the Moon's aſcending 
Node, at the time of any given New or Full Moon; 


and conſequently, to know whether there is an 
Eclipſe at that time, or not. 


SS ets — 7 as 26: 2-4 2 W = ba, = A be! ai Genet: \ 


r — — „ 
—— ——— 2 
r 


The Sun's diſtance from the Moon's aſcending 
Node is the argument for finding the Moon's 
fourth Equation in the Syzygies, and therefore it 
istaken into all the foregoing Examples in finding 
the times of theſe Phenomena. Thus, at the time 
of mean New Moon in April 1764, the Sun's mean 
Diſtance from the aſcending Node, is o 5 35 2”, 
See Example I. p. 320. 

The deſcending Node is oppoſite to the aſcend- 
ing one, and they are juſt ſix Signs diſtant from 
each other. | 

When the Sun is within 17 degrees of either of 
the Nodes at the time of New Moon, he will be 
eclipſed at that time: and when he is within 12 
degrees of either of the Nodes at the time of Full 
Moon, the Moon will be then eclipſed. — Thus we 
find that there will be an Eclipſe of the Sun at 
the time of New Moon in April, 1764. 

But the true time of that New Moon comes out 
by the Equations to be 50 minutes 46 ſeconds 
later than the mean time thereof, by comparing 
theſe times in the above Example: and therefore, 
ve muſt add the Sun's motion from the Node 
during that interval to the above mean Diſtance 
&5* 352”, which motion is found in Table XII. 
for 50 minutes 46 ſeconds, to be 2'12”. And to 
this we muſt apply the Equation of the Sun's 
Mean Diſtance from the Node, in Table XV. found 
by the Sun's Anomaly, which, at the mean time 
of New Moon in Example I. is 9 1* 26' 19”; 
and then we ſhall have the Sun's true Diſtance 


from the Node, at the true time of New Moon, 
28 follows; | 
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Elements for Solar Eclipſes. 
Son from Node 
S *...0" 


At the mean time of New Moon wy ö | 
April 1764 — — . 
Sun's motion from the] 5 minutes 2 10 


Node for — 40 ſeconds ? 


mm, 


mern 


Sun's mean diſtance from Node at 


true New Moon — — | v3 7/1 


Equation of mean diſtance "_- 


Node, add — — $-Þ 


unn. 


Sun's true diſtance from the aſ- 


cending Node — — ” NI 
which, being far within the above limit of ) 
degrees, ſhews that the Sun mult then be eclipſed, | 
And now we ſhall ſhew how to project this, or | 


any other eclipſe, either of the Sun or Moon, 


7 o project an Eclipſe of the Sun. 


In order to this, we muſt find the ten following | 


Elements, by means of the Tables, 


1. The true time of conjunction of the Sun and 
Moon; and at that time, 2. The ſemidiameter of | 
the Earth's diſc, as ſeen from the Moon, which is | 
equal to the Moon's horizontal parallax. 3. The | 


Sun's diſtance from the ſolſtitial Colure to which 


he is then neareſt. 4. The Sun's declination. } 


5. The angle of the Moon's viſible path with the 


Ecliptic. 6. The Moon's latitude. 7. The Moons 
true horary motion from the Sun. 8. The Suns 
ſemidiameter. 9. The Moon's. 10. The ſemi— 


diameter of the Penumbra. 


We ſhall now proceed to find theſe Elements | 


for the Sun's Eclipſe in April 1764. 


To find the true time of New Moon, This, bi 
Example I. p. 320, is found to be on the firſt | 


day of the ſaid month, at 30 minutes 25 ſeconds 
after X in the morning, 


2. To 


8 
0 „ 


Elements for Solar Eclipſes. 


2. To find the Moon's horizontal parallax, or ſemi- 
diameter of the Earth's diſc, as ſeen from the Moon. 
Enter Table XVII. with the ſigns and degrees of 
the Moon's Anomaly (making proportions, be- 
cauſe the Anomaly is in the Table only to every 6th 
degree), and thereby take out the Moon's horizon- 
al parallax; which, for the above time, anſwering 
to the Anomaly 11* 9 24 21“, is 54 435 

4. To find the Sun's diſtance from the neareſt Sol- 
tice, viz. the beginning of Cancer, which is 30 or goꝰ 
from the beginning of Aries. It appears by the Ex- 
ample on page 328 (where the Sun's place is cal- 
culated to the above time of New Moon), that the 
Sun's longitude from the beginning of Aries is 
then o 120 107“, that is, the Sun's place at that 
time is Y Aries, 12 100)“. | 
Therefore from — — —3 0:0" © 
Subtract the Sun's longitude or place o 12 10 7 


Remains the Sun's 1 Wo 

the Solſtice S —;_ 
Or 77 49 53“; each ſign containing 30 degrees. 

4. To find the Sun's declination. Enter Table 
XIV. with the Signs and degrees of the Sun's true 
place, viz. O 120, and making proportion for 
the 10' 7”, take out the Sun's declination anſwer— 
Ing to his true place, and it will be found to be 
440 North, 

5. To find the Moon's latitude. This depends on 
ber diſtance from her aſcending Node, which is the 
lame as the Sun's diſtance from it at the time of 
New Moon; and with this the Moon's Latitude is 
found in Table XVI. 

Now we have already found, that the Sun's 
equated diſtance from the aſcending Node, at the 
me of New Moon in April 1764, is o 72 42 14”, 


dee the preceding page. 


Therefore, enter Table XVI. with © ſigns at the 
top, and 7 and 8 degrees at the left hand, and 
xe out 36" and 39", the latitude for 7%; and 
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The Delineation of Solar Eci. 


41” 51”, the latitude for 8*: and by making 
portion between theſe latitudes for the 42 14% by 
which the Moon's diſtance from the Node „ 
7 degrees; her true latitude will be found to be 
40 18” north aſcending. 3 

6. To find the Moon's true horary motion from the 1 
Sun. With the Moon's Anomaly, viz. 11* gf 24" 
21”, enter Table XVII. and take out the Moon's 
horary motion; which, by making pr oportion in j 
that Table, will be found to be 30 22 Then, 
with the Sun's Anomaly, gf 1 26' 19", take out 
his horary motion 2' 28” from the fame Table: 
and ſubtracting, the latter from the former, there 
will remain 27' 54 for the Moon's true hora, 
motion from the Sun. "of 

7. To find the angle of the Moon“ s viſible path 
with the Ecliptic. This, in the projection of Eclip- 
ſes, may be always rated at 5 35', without — | 
ſenſible error, 

8, 9. To find the ſemidiameters of the Sun and Moon, 
Theſe are found in the ſame Table, and by the 
ſame Arguments, as their horary Motions.— I 
the preſent caſe the Sun's Anomaly gives his ſemi- 
diameter 16' 6”, and the Moon's Anomaly gives 
her ſemidiameter 14 57“. | 

10. To find the ſemidiameter of the Penumbra, | 
Add the Moon's ſemidiameter to the Sun's, and 
their ſum will be the ſemidiameter of the Penum- 
bra, vis. 431" 3% 

Now collect theſe Elements, that they may be 
found the more readily when they are wanted in | 
the conſtruction of — Eclipſe. : 

I- True time of New Moon in 2 

April 1764 | 5 1 10 30 155 


— 


1 


* 


— 


2. Semidiameter of the Earth's diſc o 54 43 
3. Sun's diſt, from the neareſt Solſt. 77 49 57 
4. Sun's declination, North 449 21 


5. Moon's latitude, North aſcending 0 49 19 
6. Moon? 
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1e Geometrical Conſtruction 
Of SOLAR and LUNAR 


ECLIPSES. 
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The Delineation of Solar Eclipſes. 


Angle of the Moon's viſible path 
, with the Ecliptic ; 3s 35 ..0 


8. Sun's ſemidiameter 16 6 
Moon's ſemidiameter | 14 57. 
10. Semidiameter of the Penumbra 3+ 3 


To projet an Eclipſe of the Sun geometrically, 


Make a ſcale of any convenient length, as AC, 


and divide it into as many equal parts as the Earth's 


ſemi-diſc contains minutes of a degree, which, at 
the time of the Eclipſe in April 1764, is 54 43". 
Then, with the whole length, of the ſcale as a 


radius, deſcribe the ſemicircle AMB upon the 


center C; which ſemicircle ſhall repreſent the 
northern half of the Earth's enlightened diſc, as 
ſeen from the Sun. 


Upon the center C raiſe the ſtraight line CH, 


perpendicular to the diameter ACB; ſo ACB ſhall 


be a part of the Ecliptic, and CH its Axis. 

| Being provided with a good ſector, open it to 
the radius CA in the line of chords; and taking 
from thence the chord of 231 degrees in your 
compaſſes, ſet it off both ways from H, to g and to 
b, in the periphery of the ſemi-diſc; and draw the 
ſtraight line g/h, in which the North Pole of the 
Dic will be always found. 

When the Sun is in Aries, Taurus, Gemini, 
Cancer, Leo, and Virgo, the North Pole of the 
Earth is enlightened by the Sun: but while the 
Sun is in the other fix Signs, the ſouth Pole is en- 
lightened, and the North Pole is in the dark. 

And when the Sun is in Capricorn, Aquarius, 
Piſces, Aries, Taurus, and Gemini, the northern 
half of the Earth's Axis C X1I P lies to the right 
hand of the Axis of the Eclipric, as ſeen from the 


dun; and to the left hand, while the Sun is in the 
other lix Signs, _ 


Open 


6. Moon's horary motion from the Sun 0 27 54 
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'The Delineation of Solar Eelipjes. 


Open the ſector till the radius (or diſtance of the 
two go's) of the Signs be equal to the length of 
Vb, and take the fine of the Sun's diſtance frgm 
the Solſtice (77* 49' 53") as nearly as you can 
gueſs, in your compaſſes, from the line of fines, 
and ſet off that diſtance from Y to P in the line 


gb, becauſe the Earth's Axis lies to the right 


hand of the Axis of the Ecliptic in this caſe, the 
Sun being in Aries; and draw the ſtraight line 
C XII P for the Earth's Axis, of which P is the 
North PGle. If the Eafth's Axis had lain to the 
left hand from the Axis of the Ecliptic, the diſtance 
P would have been ſet off from V toward g. 

To draw the parallel of Latitude of any given 
place, as ſuppoſe Iyndon, or the path of that place 
on the Earth's enlightened Difc as ſeen from the 
Sun, from Suns riſe till Sun-ſet, take the following 
method: . 

Subtract the Latitude of London, 5 11 from goo, 
and the remainder 38 ˙ will be the co-latitude, 
which take in your compaſſes from the line of 


chords, making CA or C the radius, and ſet it 


from þ (where the Earth's Axis meets the Peri- 
phery of the Diſc) to VI and VI, and draw the 
occult or dotted line VI XK VI. Then, from the 
oints where this line meets the Earth's Diſc, ſet 
off the chord of the Sun's declination 4 49' to 
D and F, and to E and G, and connect theſe points 
by the two occult lines F XII G and DLE. 
Biſect LX XII in X, and through the point K 
draw the black line VI XVI. Thea making C3 
the radius of a line of ſines on the ſector, take the 
co latitude of London 384 from the fines in your 
compaſſes, and ſet it both ways from X, to VI and 
VI.—Theſe hours will be juſt in the edge of the 
diſc at the Equinoxes, but at no other time in the 
whole year. 
With the extent K VI, taken into your com- 
paſſes, ſer one foot in K (in the black line below 


the occult one) as a ceater, and with the other foot 
| | deſcribe 


1 Lond. 


point 
whic 


tively 
Curv 
theſe 
tude, 
the S 

N. 
the d 
uppe! 


touch 
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deſcribe the ſemicircle VI 7 8 9 10, &c. and divide 
it into 12 equal parts. Then from theſe points of 
diviſion, draw the occult lines 7 p, 8 o, 9 , &c. 
parallel to the Earth's Axis C XII P. | 
With the ſmall extent K X1I as a radius, deſcribe 
the quadrantal Arc XII // and divide it into fix 
equal parts, as XIIa, ab, bc, cd, de, and ef; 
and through the diviſion-points, a, &, c, d, e, draw 
the occult lines VITeV, VIII ZIV, IX III, XS 
ll, and XI a 1, all parallel to VI XVI, and meet- 
ing the former occult lines 7 p, 8 o, &c. in the 
points VII VIII IX X XI, VIV III II and I: 
which points ſhall mark the ſeveral ſituations of 


Udon on the Earth's Diſc, at theſe hours reſpec- 


tively as ſcen from the Sun; and the clliptic 
Curve VI VII VIII, &c. being drawn through 
theſe points, ſhall repreſent the parallel of lati- 
tude, or path of London on the Diſc, as ſeen from 
the Sun, from its riſing to its ſetting. 

N. B. If the Sun's declination had been ſouth, 
tie diurnal path of London would have been on the 
upper fide of the line VI X VI, and would have 
touched the line DLE in IL. It is requiſite to 
avide the horary ſpaces into quarters, (as ſome are 
n the figure,) and, if poſſible, into minutes alſo, 

Make CB the radius of a line of chords on the 
ſector, and taking therefrom the chord of 5 35%, 
he angle of the Moon's viſible path with the Eclip- 
le, ſet it off from H to M on the left hand of C H, 
de Axis of the Ecliptic, becauſe the Moon's lati- 
ude is north aſcending. Then draw C M for the 
Axis of the Moon's Orbit, and biſect the angle 
MCH by the right line C. If the Moon's lati- 
ude had been north deſcending, the Axis of her 
Ordit would have been on the right hand from the 
Axis of the Ecliptic,—N. B. The Axis of the 
*100n's Orbit lies the ſame way when her latitude 
8 ſouth aſcending, as when it is north aſcending; 
ad the ſame way when ſouth deſcending, as when 


forth deſcending. 6 
2 Take 


The Delineation of Solar Eclipſes, | 
Take the Moon's latitude 400 18” from the ſcale 
biſecting line C ax, making z x parallel to Cy; ang 


through x, at right- angles to the Axis of the 
Moon's Orbit CM, draw the ſtraight line Nwxys 


C 4 in your compaſſes, and ſet it from 5 to x in the 


3 
2 
; 
ad 
— 
4 


for the path of the Penumbra's center over the 


Earth's Diſc.—The paint , in the Axis of the 


Moon's Orbit, is that where the Penumbra's center 


approaches neareſt to the center of the Earth's 
Diſc, and conſequently is the middle of the general 
Eclipſe: the point x is that where the conjunction 
of the Sun and Moon falls, according to equa] 
time by the Tables; and the point y is the eclip- 
| tical conjunction of the Sun and Moon. 


Take the Moon's true horary motion from the 


Sun, 27' 54”, in your compaſles, from the ſcale 


CA (every diviſion of which is a minute of a de- 
gree), and with that extent make marks along the 
path of the Penumbra's center; and divide each 


ipace from mark to mark, into ſixty equal parts or 
horary minutes, by dots; and ſet the hours to 
every 60th minute in ſuch a manner, that the dot 


ſignifying the inſtant of New Moon by the Ta- 
bles, may fall into the point x, half way between 
the Axis of the Moon's Orbit, and the Axis of the 
Ecliptic; and then, the reſt of the dots will thew 
the points of the Earth's Difc, where the Penum- 
bra's center is at the inſtants denoted by them, ia 


its tranſit over the Earth. 


Apply one ſide of a ſquare to the line of the : 
Penumbra's path, and move the ſquare backward 3 


and forward, until the other ſide of it cuts the 
ſame hour and minute (as at ꝝ/ and #) both in the 


path of London, and in the path of the Penumbra's 
center: and the particular minute or inſtant which 
the ſquare- cuts at the ſame time in both paths, 


ſhall be the inſtant of the viſible conjunction of the 


n 

eee * 
ELSE 

: 


Sun and Moon, or ereateit obſcuration of the _ 1 
made, 


nd this 
inſtant 


D. . * 
at the place for which the conſtruction 15 


namely London, in the preſent example; a 
24 
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inſtant is at 47 minutes paſt X o'clock in the 
morning; Which is 17 minutes 5 ſeconds later 
than the tabular time of true conjunction. 

Take the Sun's ſemidiameter, 16 6“, in your 
compaſſes, from the ſcale CA, and ſetting one foot 
in the path of London at m, namely at 475 minutes 
paſt X, with the other foot deſcribe the circle UY, 
which ſhall repreſent the Sun's Diſc as ſeen from 
Lindon at the greateſt obſcuration. Then take the 
Moon's i wwe, 14 57”, in your compaſſes 
from the ſame ſcale ; and ſetting one foot in the 
path of the Penumbra's center at m, 474 minutes 
after X, with the other foot deſcribe the circle TY 
for the Moon's Diſc, as ſeen from London, at the 
time when the Eclipſe is at the greateſt ; and the 
portion of the Sun's Diſc which is hid or cut off 
by the Moon's, will ſhew the quantity of the 
Eclipſe at that time; which quantity may be 
mealured on a line equal to the Sun's diameter, 
and divided into twelve equal parts or digits. 

Laſtly, take the ſemidiameter of the Penumbra 
21 3”, from the ſcale CA in your compaſſes; and 
ſetting one foot in the line of the Penumbra's cen- 
tral path, on the left hand from the Axis of the 
Ecliptic, direct the other foot toward the path of 
Lindon; and carry that extent backward and for- 
ward till both the points of the compaſſes fall 
to the ſame inſtant in both the paths: and that 
altant will denote the time when the Eclipſe be- 
pins at Landon. — Then, do the like on the right 
hand of the Axis of the Ecliptic; and where the 
pants of the compaſſes fall into the ſame inſtant 
in both the paths, that inſtant will be the time 
ken the Eclipſe ends at London. 

Theſe trials give 20 minutes after IX in the 
morning for the beginning of the Eclipſe at Len- 
iu, at the points N and O; 4745 minutes after X, 
* the points n and 7, for the time of greateſt ob- 
ration; and 18 minutes after XII, at R and &, 

S 3 for 
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for the time when the Eclipſe ends ; according 0 


mean or equal time. 
From theſe times we muſt ſubtract the equation 
of natural days, viz. 3 minutes 48 ſeconds, in 
Leap- year April 1, and we ſhall have the appa- 
rent times; namely IX hours 16 minutes 12 ſe. 
conds for the beginning of the Eclipſe, X hours 
43 minutes 42 ſeconds for the time of greateſt ob. 
ſcuration, and XII hours 14 minutes 12 ſeconds 
for the time when the Eclipſe ends. But the beſt 
way is to apply this equation to the true equal 
time of New Moon, before the projection be be- 
gun; as is done in Example I. For the motion 
or poſition of places on the Earth's Difc anſwer 
to apparent or ſolar time. I 
In this conſtruction it is ſuppoſed, that the 
angle under which the Moon's Diſc is ſeen, du- 
ring the whole time of the Eclipſe, continues in- 
variably the ſame; and that the Moon's motion 
is uniform and rectilinear during that time. But 
theſe ſuppoſitions do not exactly agree with the 
truth; and therefore, ſuppoſing the Elements 
given by the Tables to be accurare, yet the times 
and phaſes of the Eclipſe, deduced from its con- 
ſtruction, will not anſwer exactly to what paſſeth 
in the Heavens; but may be at leaſt two or three 


minutes wrong, though done with the greateſt 


care. Moreover, the paths of all places of conſi- 
derable latitudes are nearer the center of the 


Earth's Diſc, as ſeen from the Sun, than thoſe con- 


ſtructions make them; becauſe the Diſc is pro- 
jected as if the Earth were a perfect ſphere, al- 


though it is known to be a ſpheroid. Conſe- 


uently the Moon's ſhadow will go farther north- 
ward in all places of northern latitude, and farther 
ſouthward in all places of ſouthern latitude, than it 
is ſhewn to do in theſe projections. According to 
Mayer's Tables, this Eclipſe will be about a quat- 


ter of an hour ſooner than cither theſe Tables, 


. or 
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Mr. Flamftead's, or Dr. Halley's make it: and 
Mayer's Tables do not make it annular at London. 


The projettion of Lunar Eclipſes. 


When the Moon is within 12 degrees of either 


of her Nodes, at the time when ſhe is Full, ſhe 
wil be eclipſed, otherwiſe nor. 

We find by Example II, page 321, that at the 
time of mean Full Moon in May 1762, the Sun's 
liſtance from the aſcending Node was only 4 49 
; and the Moon being then oppoſite to the 
dun, muſt have been juſt as near her deſcending 
Node, and was therefore eclipſed. 

The elements for conſtructing an Eclipſe of the 
Moon are eight in number, as follow: 

1, The true time of Full Moon: and at that 
time, 2. The Moon's horizontal parallax. 3. The 
un's ſemidiameter. 4. The Moon's. 5. The 


{midiameter of the Earth's ſhadow at the Moon. 


„ The Moon's latitude. 7. The angle of the 
Moon's viſible path with the Ecliptic. 8. The 
Moon's true horary motion from the Sun. | 
Therefore, | 

1. To find the true time of Full Moon, Work as 
iready taught in the Precepts.— Thus we have 
fe true time of Full Moon in May 1762 (fee Ex- 
imple II. page 321), on the 8th day, at 50 mi- 
wes 50 ſeconds paſt III o'clock in the morning. 

2. To find the Moon's horizontal Parallax, En- 
tr Table XVII. with the Moon's mean Anomaly 
ache above Full) gf 29 427 42", and thereby take 
Tm ut ber horizontal Parallax; which, by making the 
kquilite proportion, will be found to be 574 20”. 

3 4. To find the ſemidiameters of the Sun and 
an. Enter Table XVII. with their reſpective 
anomalies, the Sun's being 10˙7 27 45” (by the 
dove Example) and the Moon's 9* 20 42' 42”; 
al thereby take out their reſpective ſemidiame- 
lis: the Sun's 15" 56”, and the Moon's 15 39”. 
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' taught in page 331) at the true time of Full Moon; BM 
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5. To find the ſemidiameter of the Earth's ſhade | 
at the Moon, Add the Sun's horizontal parallax, Eq 
which is always 10”, to the Moon's, which in the « 


preſent caſe is 57' 20”, the ſum will be 3) 30% Sun 
from which ſubtract the Sun's ſemidiameter 15 560 10 
and there will remain 41 34” for the ſemidiame- 
ter of that part of the Earth's ſhadow: which the An 
Moon then paſſes through. | {i 

6. To fnd the Moon's Latitude. Find the Sun's Ml W. 
true diſtance from the aſcending Node (as already » | 


and this diſtance, increaſed by fix ſigns, will be 


the Moon's true diſtance from the ſame Node; I ©" 
and conſequently the argument for finding her WI \** 
true latitude, as ſhewn in page 333. 9 aegr 
Thus, in Example II. the Sun's mean diſtance YI n 
from the aſcending Node was o 4* 49 35% at the Bl © 
time of mean Full Moon: but it appears by the BY © 
Example, that the true time thereof was 6 hours Ry 


33 minutes 38 ſeconds ſooner than the mean time, 


and therefore we muſt ſubtract the Sun's motion he 
from the Node (found in Table XII. page 312) ll | - 
during this interval, from the above mean diſtance, % 
o 4 49 35”, in order to have his mean diſtance 5 
from it at the true time of Full Moon. Then to 5 
this apply the Equation of his mean diſtance from . 5 
the Node found in Table XV. by his mean Aue; ne 
maly 10* 7® 27' 45”; and laſtly, add fix ſigns: la = 
ſhall the Moon's true diſtance from the aſcending Fs 
Node be found as follows:; 
N I ( 
Sun from Node at mean Full Moon o 4 49 35 J 1 1 
: ES” F 6 hours 15 358 
His motion from it in 33 minutes 1 26 
38 ſeconds 5 | 1. 
Sum, ſubtract from the uppermoſt line 17 3 4 » 
Remains his mean diſtance at true o 4 32 121 5. de 


Full Moon 2 — 


Equation ] 
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55 


Equation of his mean diſtance, add 138 © 


Syn's true diſtance from the Node o 6 10 32 
To which add S 6.0 
And the ſum will be 6 6 10 32 


Which is the Moon's true diſtancefrom her aſcend- 
ing Node at the true time of her being Full; and 
coaſequently the argument for finding her true 
Latitude at that time. Therefore, with this ar- 
zument enter Table XVI. making proportion be- 
tween the latitudes belonging to the 6th and 7th 
degree of the argument at the lefc hand (the ſigns 
bing ; at the top) for the 10032“, and it will give 
12/21” for the Moon's true Jatitude, which ap- 
pears by the Table to be ſouth deſcending. 

7. To find the angle of the Moon's viſible path with 
the  Ealivtic, This may be ſtated at 5* 35, with- 


out any error of conſequeace in the projection of 


the Eclipſe, 

8. To find the Moon's true horary motion from the 
dun. With their reſpective Anomalies take out 
their horary motions from Table XVII. ia page 
316; and the Sun's horary motion ſubtracted 
tom the Moon” s, leaves remaining the Moon's 
true horary motion from the Sun: in the Preſent 
caſe 30 6x”, 


Now colle& theſe Elements together for uſe. 


7 . 1 M D. H. . 
I, True Time of Full Moon 
in May 1762 ; © 3 0 
2. Moon's horizontal Parallax O 57 20 
2. Sun's ſemidiameter O 15 56 
4. Moon's ſemidiameter O 15 39 
Semidiameter of the Earth's 41 34 
ſhadow at the Moon 
Vs 6. Moon's 
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be Delineation of Lunar Eclipſes, 
6, Moon's true latitude, ſouth deſcending o 32 x 
7. Ange of her viſible path with the 
cliptic be 3 35 © 
8. Her true horary motion from the Sun o 30 $2 


Theſe Elements being found for the conſtruc. 
tion of the Moon's Eclipſe in May 1762, proceed 
as follows: 1 | 

Make a ſcale of any convenient length, as VN, 
and divide it into 60 equal parts, each part ſtand. fl 
ing for a minute of a degree. 
Draw the right line ACB (Fig. 3.) for part of 
the Ecliptic, and CD perpendicular to it for the 
ſouthern part of its Axis; the Moon having ſouth 
latitude, | ö 

Add the ſemidiameters of the Moon and Farth's 
ſhadow together, which, in this Eclipſe, wil: make 1 
57'13”; and take this from the ſcale in your com- 
paſſes, and ſetting one foot in the point C, as a 
center, with the other foot deſcribe the ſemicircle 
ADB, in one point of which the Moon's center 
will be at the beginning of the Eclipſe, aud in anv- 
ther at the end of it. 4 

Take the ſemidiameter of the Earth's ſhadow, 
41' 34”, in your compaſſcs from the ſcale, and ſet- 
ting one foot in the center C, with the other foot F 
deſcribe the ſemicircle K LM for the ſouthern half 
of the Earth's ſhadow, becaule the Moon's latitude 8 
is ſouth in this Eclipſe, | 

Make CD the radius of a line of chords on 
the ſector, and ſet off the angle of the Moon's viſi- 
ble path with the Eecliptic, 5 35, from D to &, | 
and draw the right line CFE for the ſouthern 
half of the Axis of the Moon's Orbit, lying to the 
right hand from the Axis of the Ecliptic C D, be- 
caule the Moon's latitude is ſouth deſcending. F 
It would have been the ſame way (on the other 
fide of the Ecliptic) if her latitude had been 


north deſcending; but contrary in both 2 if 
er 
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her latitude had been either north aſcending or 
ſouth aſcending. | | 

Biſe&t the angle DCE by the right line Cg, in 
which line, the true equal time of oppoſition of the 
Sun and Moon falls, as given by the Tables. 

Take the Moon's latitude, 32' 21”, from the 

ſcale with your compaſſes, and ſet it from C to &, 
in the line CGg; and through the point G, at right 
angles to CFE, draw the right line PHCF N for 
the path of the Moon's center. Then, F ſhall be 
the point in the Earth's ſhadow, where the Moon's - 
center is at the middle of the Eclipſe; G, the point 
where her center is at the tabular time of her be- 
ing Full; and H, the point where her center is at 
the inftant of her ecliptical oppoſition. 

Take the Moon's horary motion from the Sun, 
30' 52”, in your compaſſes from the ſcale; and 
with that extent make marks along the line of the 
Moon's path PG N: then divide each ſpace from 
mark to mark, into 60 equal parts, or horary mi- 
nutes, and ſet the hours to the proper dots in ſuch 
a manner, that the dot ſignifying the inſtant of 
Full Moon (viz. 50 minutes 50 ſeconds after III 
in the morning) may be in the point G, where the 
line of the Moon's path cuts the line that biſects 
the angle DCE. 3 8 : 

Take the Moon's ſemidiameter, 15“ 39”, in your 
compaſſes from the ſcale, and with that extent, as 
a radius, upon the points N, F, and P, as centers, 
deſcribe the circle Q for the Moon at the begin- 
ning of the Eclipſe, when ſhe touches the Earth's 
ſhadow at V; the circle R for the Moon at the 
middle of the Eclipſe; and the circle S for the 
Moon at the end of the Eclipſe, juſt leaving the 
Earth's ſhadow at . 

The point Ndenotes the inſtant when the Eclipſe 
begins, namely, at 15 minutes 10 ſeconds after II 
In the morning: the point F the middle of the 
Eclipſe at 47 minutes 45 ſeconds paſt III; and 
the point P the end of the Eclipſe, at 18 _—— * 
| | Alter 


. 
: 


I 
j =y 
11 
17 : 
l \ 
4% 
14 
* 
& 1 a0 . 
1 ; 
16. N. 
14 b 
1 1 
r a 
4 as iS 
i i 
4 if 4 
RI 
j . 
»4 1 . 
N 8 j I; 
WF 1 
' N. 
EY 
14 
89 
1 44 14 
e 
=} l 1 
9 4 
t ; , 
i 1 
it! Wont 
: "4 LY 
K 18 
3 W 
o 
« * N {oF 
* 1 
: * i 
1 * A 
+ : f 
19 4 
7 
1 N 
\ 7,4 
Tit } L 
1 4 
\ 
1 
* 
7 
1 N 
#- : . 
1 1 
f 
* 
4 A 
þ 7 N 
” 3% 
: * 
14 : 
| 1. i» 
11 B '% : 
14 
* J 4 
: * ] 
I: 3. 
+ if 
11 f \ 
7 "a j 
Wy 
7 . 1 
1 * $ £Q 1 
N © 
1 , "i 
ſy * 4 
7 
* 3 
1 3 i 
j * 7% 
, ' 1-4 
N Ly 
2 1 
1.4. a 
” . oY 
1 4 F, 
N +. 
M1 18. 
f ** 0 
11 1 
ien 
27 4.62 N 
1 * . * 
1 
7 
1 
al 
13%) 
1 } 
17 
N 
893 
F 1 
93 
| 
13 * 
. 1 
1 1 
1 


2 ** ” * 
Fern e 
1 . 2 
25 NR 
—̃ — — — ä — 
- 
* L * 


<a> 
«4 en 


wow > + 2 
C . ' 
* L — — 


wal IN * 
<4 — 0 2 . - — — 9 — 

* - 9 
"RT R e : * 


346 


An ancient Eclipſe of the Moon deſcribed, 
after V.—At the greateſt obſcuration the Moon is 


10 digits eclipſed, 


Concerning an antient Eclipſe of the Moon. 


It is recorded by Ptolemy, from n that | 


on the 22d of September, the year 301 before the 
firſt year of Chriſt, the Moon roſe ſo much eclipſed 
at Alexandria, that the eclipſe muſt have begun 
about half an hour before ſhe roſe, 


Mr. Carey puts down the Eclipſe in his Chrono- 
logy as follows, among ſeveral other antient ones, 


recorded by different authors, 


Jul Per. ] Ecl. o Per. Calip. 2 Au. 54. Har. 7. ] Nabonaſar | 
4513+ P. M. Alexandr. Dig. eccl, 10, 547 
Sept. 22. [Prolem. J. 4. c. 11. Mejor. 16. 


That is, in the 4513th year of the Julian period, 
which was the 547th year from Nabonaſſer, and the |} 
4th year of the ſecond Calipic period, on the 16th | 
ay of the month Mz/ori (which anſwers to the | 


22d of September) the Moon was 10 digits eclipſed 
at Alexandria, at 7 o'clock in the evening, 


Now, as our Saviour was born (according to the 
Dionyſian or vulgar ra of his birth) in the 4713th | 
year of the Julian period, it is plain that the 4513th | 


year of that period was the 200th year before the 


year of Chriſt's birth; and conſequently 201 years | 


before the year of Chriſt 1. 


And, in the year 201, on the 22d of September, | 
it appears by Example V. (page 324) that the } 
Moon was full at 26 minutes 28 ſeconds paſt VII 


in the evening, in the meridian of Alexandria. 


At that time, the Sun's place was Virgo 26® 14, 


according to our Tables; ſo that the Sun was then 


Within 4 degrees of the Autumnal Equinox: and 
according to calculation he muſt have ſet at Alex- | 
andria about 5 minutes after VI, and about one 


degree north of the weſt, 


The | 
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The Moon being Full at that time, would have 
riſen juſt at Sunſet, about one degree ſouth of the 
eaſt, if ſhe had been in either of her Nodes, and 
her viſible place not depreſſed by Para[lax. 

But her parallactic depreſſion (as appears from 

her Anomaly, viz. 10“ 6 nearly) mult have been 
55 17”; which exceeded her whole diameter by 
2 / H 
oo * by refraction; which, ſubtracted from her 
Parallax, leaves 21' 32” for her viſible or appa- 
rent depreſſion. 
And her true) latitude was 302 north deſcend» 
ing, which being contrary to her apparent de- 
preſſion, and greater than the ſame by 8“ 58", her 
true time of riſing muſt have been juſt about VI 
o'clock. | 

Now, as the Moon roſe about one degree ſauth 
of the eaſt at Alexandria, where the viſible Hori- 
zon is land, and not fea, we can hardly imagine 
her to have been leſs than 15 or 20 minutes of 
time above the true Horizon before ſhe was viſible. 

It appears by Fig. 4, which is a delineation of 
this Eclipſe reduced to the time at Alexandria, that 
the Eclipſe began at 53 minutes after V in the 
evening; and conlequently 7 minutes before the 
Moon was in the true Horizon: to which, if we 
add 20 minutes for the interval between her tru e 
riſing and her being viſible, we ſhall have 27 mi - 
nytes for the time that the Eclipſe was begut1 
before the Moon was viſibly riſen.— The middl : 
of this Eclipſe was at 30 minutes paſt VII, whey 
its quantity was almoſt 10 digits, and its endin x 
was at 6 minutes paſt IX in the evening—So that 
our Tables come as near to the recorded time cf 


this Eclipſe as can be expected, after an elapſe «af 


1960 years, 


CHA P. 
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CHAP. XVIII. 


Of the fixed Stars. 
„“. HE Stars are ſaid to be fixed, becauſe 
appear big- they have been generally obſerved to 
5 keep at the ſame diſtances from each other, their 


ide bee eye, apparent diurnal revolution being cauſed ſolely by 

an whe”, the Earth's turning on its Axis. They appear of 

a ieleſcope· a ſenſible magnitude to the bare eye, becauſe the 
retina is affected not only by the rays of light 
which are emitted directly from them, but by 
many thouſands more, which falling upon our eye- 
lids, and upon the aerial particles about us, are 
reflected into our eyes ſo ſtrongly, as to excite 
vibrations not only in thoſe points of the retina 
where the real images of the Stars are formed, but 
alſo in other points at ſome diſtance round about, 
This makes us imagine the Stars to be much big- 
ger than they would appear, if we ſaw them only 
by the few rays which come directly from them, 
ſo as to enter our eyes without being intermixed 
with others. Any one may be ſenſible of this, by 
looking at a Star of the firſt magnitude through 
a long narrow tube; which, though it takes in as 
much of the Sky as would hold a thouſand ſuch 
Stars, it ſcarce renders that one viſible. 

The more a teleſcope magnifies, the leſs is the 
aperture through which the Star is ſeen; and 
conſequently the fewer rays it admits into the eye. 

; Aproof that Now ſince the Stars appear leſs in a teleſcope which 
by their magnifies 200 times than they do to the bare eye, 
own light, inſomuch that they ſeem to be only indiviſible 
points, it proves at once that the Stars are at im- 

menſe diſtances from us, and that they ſhine by 

their own proper light. If they ſhone by bor- 

rowed light, they would be as inviſible without 


teleſcopes as the Satellites of Jupiter are: for theſe 
| Satellites 
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eatellites appear bigger when viewed with a good 
teleſcope than the largeſt fixed Stars do. 
355. The number of Stars diſcoverable, in ei- 
ther Hemiſphere, by the naked eye, 1s not above 
thouſand, This at firſt may appear incredible, 
becauſe they ſeem to be without number: But the 
deception ariſes from our looking conſuſedly upon 
them, without reducing them into any order. For 
look but ſtedfaſtly upon a pretty large portion of 
the Sky, and count the number of Stars in it, and 
you will be ſurpriſed to find them ſo few. And, if 
one conſiders how ſeldom the Moon meets with 
any Stars in her way, although there are as many 
about her path as in other parts of the Heavens, 
he will ſoon be convinced that the Stars are much 
thinner ſown than he was aware of. The Britiſb 
catalogue, which, beſides the Stars viſible to the 
bare eye, includes a great number which cannot 
be ſeen without the aſſiſtance of a teleſcope, con- 
tains no more than 3ooo, in both Hemiſpheres. 
350. As we have incomparably more light from 
the Moon than from all the Stars together, it is 
the greateſt abſurdity to imagine that the Stars 
vere made for no other purpoſe than to caſt a faint 
lght upon the Earth: eſpecially ſince many more 
require the aſſiſtance of a- good teleſcope to find 
them out, than are viſible without that inſtrument, 
Our Sun is ſurrounded by a ſyſtem of planets and 
Comets; all which would be inviſible from the 
neareſt fixed Star, And from what we alread 
know of the immenſe diſtance of the Stars, the 
neareſt may be computed at 32,000,000,000,000 
of miles from us, which is further than a cannon- 
ball would fly in 7,000,000 of years. Hence it 
is eaſy to prove, that the Sun, ſeen from ſuch a 
Giſtance, would appear no bigger than a Star of 
the firſt magnitude. From all this it is highly 
probable that each Star is a Sun to a ſyſtem of 
Worlds moving round it, though unſeen by us; 
tpecially as the doctrine of plurality of worlds is 


rational, 


349 


Their nume 
ber much 
leſs than is 
generally 

imagined. 


The abſur- 
dity of ſup- 
poſing the 
Stars were 
made only 
to ſhine up- 
on us inthe 
night. 


350 


Their dif. 
ferent mags 
nitude: : 


And divi- 
fin iato 
Conficlla- 


tions, 


-3 


The uſe of 
this divi- 


Hon. 


cupy thoſe ſpaces which the figures of different 
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rational, and greatly manifeſts the Power, Wi. 
dom, and Goodneſs of the Great Creator. 

357. The Stars, on account of their apparently 
various magnitudes, have been diſtributed into 
ſeveral claſſes or orders. Thoſe which appear 


largeſt, are called Stars of the firſt magnitude; the | 


next to them in luſtre, Stars of the ſecond magnitude; 
and ſo on to the fxth, which are the ſmalleſt that 
are viſible to the bare eye. This diſtribution hay. 
ing been made long before the invention of tele- 
ſcopes, the Stars which cannot be ſeen without the 
aſſiſtance of theſe inſtruments, are diſtinguiſhed by 
the name of Teleſcopic Stars. 


358. The antients divided the ſtarry Sphere into | 


particular Conſtellations, or Syſtems of Stars, ac- 
cording as they lay near one another, ſo as to oc- 


ſorts of animals or things would take up, if they 


were there delineated. And thoſe Stars which ] 
could not be brought into any particular Conflel- 4 


lation, were called unformed Stars. 


359. This diviſion of the Stars into different 
Conſtellations or Aſteriſms, ſerves to diſtinguiſh F 
them from one another, ſo that any particular 
Star may be readily found in the Heavens by means 
of a Celeſtial Globe; on which the Canſtellations 
are ſo delineated as to put the moſt remarkable 
Stars into ſuch parts of the figures as are molt ealily | 
diſtinguiſhed, The number of the ancient Con- 
ſtellations is 48, and upon ovr preſent Globes 1 


about 70. On Senex's Globes, Bayer's Letters are 


inſerted; the firſt in the Greek Alphabet being pot 
to the biggeſt Star in each Conſtellation, the ſecond 
to the next, and ſo on; by which means, every Star 
is as eaſily found as if a name were given to it. 
Thus, if the Star y in the Conſtellation of rhe Ram 
be mentioned, every Aſtronomer knows as well | 
what Star is meant, es if it were pointed out 1b 


him in the Heavens, 


360, There 
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360. There is alſo a diviſion of the Hedvens The Zodiac, 
into three parts. 1. The Zodiac (guliaxes) from 
% Zodion an Animal, becauſe moſt of the Con- 
fellations in it, which are twelve in number, are 
the figures of Animals: as Aries the Ram, Taurus 
the Bull, Gemini the Twins, Cancer the Crab, Leo 
the Lion, Virgo the Virgin, Libra the Balance, 

Scorpio the Scorpion, Sagittarius. the Archer, Capri- 
ens the Goat, Aquarius the Water-bearer, and 
Piſces the Fiſhes. The Zodiac goes quite round 
the Heavens: it is about 16 degrees broad, ſo 
that it takes in the Orbits of all the Planets, and 
likewiſe the Orbit of the Moon. Along the mid- 
dle of this Zone or Belt is the Ecliptic, or Circle 
which the Earth deſcribes annually as feen from 
the Sun; and which the Sun appears to deſcribe 
25 ſeen from the Earth. 2. All that Region of 
the Heavens, which is on the north fide of the Zo- 
diac, contains 21 Conſtellations, And, 3d, That 
on the ſouth ſide, 15. 

261, The antients divided the Zodiac into the The man- 
above 12 Conſtellations or Signs in the following roots 
manner, They took a veſſel with a ſmall hole in aaticats. 
the bottom, and having filled it with water, ſuf- | 
fred the ſame to diſtil drop by drop into another 
veſle] ſet beneath to receive it] beginning at the 
moment when ſome Star roſe;and continuing until 
role the next following night. The water fallen 
down into the receiver they divided into twelve 
equal parts: and-having two other ſmall veſſels in 
readineſs, each of them fit to contain one part, they 
gain poured all the water into the upper veſſel, 
and obſerving the riſing of ſome Star in the Zodiac, 
they at the ſame time ſuffered the water to drop 
to one of the ſmall veſſels; and as ſoon as it was 
full they ſhifred it, and ſet an empty one in its 
Place, When each veſſel was full, they took no- 
ce what Star of the Zodiac roſe; and though this 
©d not be done in one night, yet in many they 
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obſerved the filing of twelve Stars or points, by which 


Of the fixed Stars." 


they divided the Zodiac into twelve parts. 


363. The names of the conſtellations, · and the number 
of Stars obſerved in each of them by different Aſtrono- 


mers, are as follows: 


The ancient Conflellations. 


Urſa minor 

Uria major 

Draco 

Cepheus 

— Arctophilax 
Corona Borealis 
Hercules, Engona/in 
Lyra 

Cygnus, Gallina 
Caſſiopea 

Perſeus 

Auriga 


Serpentarius, Ophiuchus 


Serpens 
Sagitta 
Aquila, Vultur 
Antinous 
Delphinus 
Equulus, Zqui e210 
Pegaſus, Equus 
Andromeda 
Triangulum 
Aries 

Taurus 
Gemini 
Cancer 

Leo i 
Coma Berenices 
Virgo 

Libra Che 
Scorpius 
Sagittarius 
Capricornus 
Aquarius 
Piſces 


Cetus 


Orion 

Eridanus, Fluvius 
Lepus 

Canis major 
Canis minor 


The Little Bear 
The Great Bear 
The Dragon 
Cepheus 


The Northern Crown 


Hercules Kneeling 
The Harp 


The Swan ; 
The Lady in her Chair 


Perſeus 

The Waggoner 
Serpentarius 

The Serpent 

The Arrow ' 

The Eagle 
Antinous a 
The Dolphin 
The Horſe's Head 
The Flying Horſe 
Andromeda 

The Triangle 
The Ram 


The Bull 


The Twins 
The Crab 

The Lion 
Berenice's Hair 
The Virgin 

The Scales 

The Scorpion 
The Archer 
The Goat 

The Water- bearer 
The Fiſhes 

The Whale 
Orion 

Eridanus, te River 
The Hare ; 
The Great Dog 
The Little Dog 


8 


Ptolemy. Tycbo, Hevel. Flarſl, 


7 
29 
32 

4 
18 

8 
28 


7 
11 


18 
26 
29 

9 
15 
13 


Arge 
Hyd: 
Crate 
Corv 
Cent 
Lopu 
Ara 

Corot 
Piſcis 


Neve! 


Lyn) 
Leo | 


Aſter 
Cerb 
Vul pt 
Scuty 
Lacer 
Came 


Monc 
Sextat 


30. 
"At 
Wiiten; 
lope, f 
Lars t 
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The ancient Conſtellations. | Ptolemy. Tycho. Hevel, Flamſt. 
Argo The Ship | : 4 75 6 
Hydra The Hydra - = * 80 
_ | The Cup 7 81 0 31 
Corvus 5 The Crow | 7 | 4 9 
Centaurus The Centaur 37 35 
Lupus The Wolf 19 24 
1 The Altar | 7 9 
Corona Auſtralis The Southern Crown 13 12 
piſcis Auſtralis The Southern Fiſh 18 24 
The New Southern Conſtellations, 

Columba Naochi Noah's Dove 10 

Robur Carolinum The Royal Oak 12 

Grus The Crane 13 

Phœaix The Phenix : 13 

Jadus The Indian 29 

Paro Te Peacock 14 

Apus, Avis Indica The Bird of Paradiſe 11 

Apis, Muſca The Bee or Fly | 4 

Chamæleon The Chameleon 10 

Triangulum Auftralis The South Triangle — 9 

Piſcis volans, Paſſer The Flying Fifh S | 

Dorado, Xiphias The Sword Fiſh 6 a 

Toucan The American Gooſe 9 

Hydrus The Water Snake 10 


l:lirs's Conſtellations made out of the unformed Stars. 


Heveline. | Flamſhs 


Lypx • The Lynx 19 44 
Leo minor The Little Lion $3 
Alteron and Chara The Greyhounds 23 23 
Cerberus Cerberus EY 
Vulpecula and Anſer The Fox and Gooſe >... " "HAY 35 
Scutum Sobieſki Sobieſki's Shield — 7h 

Lacerta | "The Lizard 5 16 
Camelopardalus The Camelopard 36 ũ 7 46 
Monoceros The Unicora 8 By 31 


. 


Yextans oy rde. Sex tant * £431 41 


363. There i is a conartcaily track ron the" 9 Miky 
Heavens, called the Milky Way, from its peculiar * NG 
whiteneſs, Which is: found, by means of the tele- 
lobe, to be owing #0 a vaſt number of very ſmall 
Lats that are liruated, in that part of the hea- 

OA A a | vens. 


354 | Of Lucid Spots in the Heavens. 
voens. This track appears ſingle in ſome parts, 


in others double wet 
Lucid Spots, % 364. There are ſeveral little whitiſh ſpots in the 4 
| Heavens, which appear magnified, and more lumi. «0 
nous, when ſeen through teleſcopes ; yet without 15 = 
any Stars in them, One of theſe is in Andromedt's "Pp 
girdle, and was firſt obſerved A. D. 1612, by Simon * 
Marius: it has ſome whitiſh rays near its middle, loſe 

is liable to ſeveral changes, and is fometimes invi- cid 
ſible. Another is near the Ecliptic, between the 3 
head and bow of Sagittarius: it is ſmall, but very = 
luminous. A third is on the back of the Centayr, Wh 
which is too far ſouth to be ſeen in Britain, A ** 
fourth, of a ſmaller ſize, is before Antinous's right - A 
foor, having a ſtar in it, which makes it appear be ſpa 
more bright. A fifth is in the Conſtellation of Stent 
Hercules, between the Stars & and , which ſpot, ul un 
though but ſmall, is viſible to the bare eye, if the wich 
Sky be clear, and the Moon abſent. ens 366. 
Cloudy 365. Cloudy Stars are ſo called from their miſty "ay 
-——_— appearance, They look like dim Stars to the * 
naked eye; but through a teleſcope they appear hos 
broad illuminated parts of the Sky; in ſome of borve 
which is one Star, in others more. Five of theſe hehe} 
are mentioned by Ptolemy. 1. One at the extre- icy 
mity of the right hand of Per/eus. 2. One in the Cn 
middle of the Crab. 3. One unformed, near the Wl... 
Sting of the Scorpion. 4. The eye of Sagittarius. The 

5. One in the head of Orion. In the firſt of theſe be © 
appear more Stars through the teleſcope than in . Sth 
any of the reſt, although 21 have been counted in Nen 
the head of Orion, and above 40 in that of the nitu 
Crab. Two are viſible in the eye of Sagrttarius ch. 
without a teleſcope, and ſeveral more with « ine eye 
Flamſtead obſerved a' cloudy: Star in the bow o ads it 
Sagittarius, containing many ſmall Stars: and the ure, un 
Star d above Sagittarius's right ſnoulder is encom- on the 
paſſed with ſeveral more. Both Calſini and F _ Ned th 
ſtead diſcovered one between the Great and on - Wi of: 
Dog, which is very full of Stars viſible only by ne oy. ar 


teleſcope. 


Of New Periodical Stars, | _ 


teleſcope. The two whitiſh Spots near the South 

Pole, called the Magellanic Clouds by Sailors, which Magrllanic 
to the bare eye reſemble part of the Milky Way, e. 
zppear through teleſcopes to be a mixture of ſmall 

Clouds and Stars. But the moſt remarkable of all 

the cloudy Stars is that in the middle of Orion's 

ſword, where ſeven Stars (of which three are very 

doſe together) ſeem to ſhine through a cloud, very 

lucid near the middle, but faint and ill defined 

out the edges. It looks like a gap in the ſky, 

through which one may ſee (as it were) part o 

much brighter region. Although moſt of theſe A 
ſpaces are but a few minutesof a degree in breadth, 

jet, ſince they are among the fixed Stars, they muſt 

be ſpaces larger than what is occupied by our Solar 

yyſtem; and in which there ſeems to be a perpe- 

ul uninterrupted day among numberleſs Worlds, 

which no human art ever can diſcover, 

366, Several Stars are mentioned by ancient Changes in 
Atronomers, which are not now to be found; and et,“ 
athers are now viſible to the bare eye which are 
dot recorded in the ancient catalogue. Hipparchus 
odſeryed anew Star about 120 years before CHRIST; 
but he has not mentioned in what part of the Hea- 
ens it was ſeen, although it occaſioned his making 
Catalogue of the Stars; which is the moſt ancient 
it we have. 

The firſt New Star that we have any good ac- New Star, 
wunt of, was diſcovered by Cornelius Gemma on 
ie Sth of November, A. D. 1572, in the Chair of 
Jiopea, It ſurpaſſed Sirius in brightneſs and 
ntude; and was ſeen for 16 months ſucceſ- 
ey. At firſt it appeared bigger than Jupiter to 
me eyes, by which it was ſeen at mid-day; after- 
ads it decayed gradually both in magnitude and 
ure, until March 157 3, when it became inviſible, 
Vnthe 13th of Auguſt 1596, David Fabricius ob- 
ned the Stella Mira, or wonderful Star, in the 
« of the Thale; which has been ſince found ro 
fear and diſappear periodically ſeven times in 
| A2 2 nx 
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Of New Periodical Stars, 


ſix years, continuing in the greateſt luſtre for Is 


days together; and is never quite extingniſhed, Wl ſoy 
In the year 1600, William Janſenius diſcovered ; WM they 


changeable Star in the Neck of the Swan; which ſpot: 
in time, became ſo ſmall as to be thought to dil. rea 
appear entirely, till the years 1657, 1658, and von 
1659, when it recovered its former luſtre and fic! 
magnitude; but ſoon decayed, and is now of the cf th 
ſmalleſt ſize, | | ing 
In the year 1604, Kepler and ſeveral of his tine 
friends ſaw a new Star near the heel of the right fooriM cf thi 
of Serpentarius, ſo bright and ſparkling, that it ex So 
ceeded any thing they had ever ſeen before; and been 
took notice that it was every moment changing int vute | 
ſome of the colours of the rainbow, except whe ther 
it was near the Horizon, at which time it was gene ticm! 
rally white. It ſurpaſſed Jupiter in magnitude i2cs t 
which was near it all the month of Oꝶober, bu is pl: 
eaſily diſtinguiſhed from Jupiter by the fe in pro 
light of that Planet. It diſapprared between Oi de di 
1605, and the February following, and has no boch a 
been ſeen fince that time. being 
In the year 1670, July 15, Hevelius diſcovete Vote, 
a new Star, which in O#ober was ſo decayed as 10ugt 
be ſcarce perceptible. In April following it e. 
gained its luſtre, but wholly diſappeared in Aug rl, an 
In March 1672, it was ſeen again, but very ſmall” * 
and has not been viſible ſince. 
In the year 1686, a new Star was diſcovered ol * M. 
Kirch, which returns periodically in 404 days. Cee 
In the year 1672, Caſſini ſaw a Star in the Ne "alan 
ilume th 
of the Bull, which he thought was not viſible ifa. 
Tycho's time; nor when Bayer made his Figure eo 
367. Many Stars, beſide thoſe above mentione = Plar 
have been obſerved to change their magnitude — 
and as none of them could ever be- perceived in 
have talls, it is plain they could not be Comets 
: 5 loclin atiq 
eſpecially as they had no Parallax, even when largl 2k 10 
. . 4 m. 
and brighteſt, It would ſeem that the pes 1001 ,, |. 
Stars have vaſt cluſters of dark ſpots,gand zee 


ix 
- 
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Of Changes in the Heavens, 


low rotations on their Axes; by which means, 
they muſt diſappear when the ſide covered with 
ſpots 18 turned toward us. And as for thole which 


10 means improbable that they are Suns whole 
fucl is almoſt ſpent, and again ſupplied by ſome 


ing an uncommon blaze and ſplendour for ſome 
tine: which indeed appears to be the greatelt uſe 
of the cometary part of any ſyſtem “. 

Some of the Stars, particularly Ardturus, have 
been obſerved to change their places above a mi- 
pute of a degree with reſpect to others. But whe- 
ther this be owing to any real motion in the Stars 
themſelves, muſt require the obſervations of many 
ves to determine. If our Solar Syſtem changes 
is place, with regard to abſolute ſpace, this muſt 
in proceſs of time occaſion an apparent change in 
the diſtances of the Stars from each other: and in 
fuch a caſe, the places of the neareſt Stars to us 
ding more affected than thoſe which are very re- 
mote, their relative poſitions muſt ſeem to alter, 
lhovgh the Stars themſelves were really immove- 
be. On the other hand, if our own Syte be at 
rt, and any of the Stars in rea! motion, this mutt 
WJ vary eir poſitions; and the more fo, the nearer 


M. Maupertuis, in his diſſertation on the Hgutes of the 
Celeſtal Bodies (p 61-53), is of opinion that ſome stars, by 
heir prog 1gious quick rotations on their Axes, may ao! only 
ilume the figures of oblate ſpheroids, but that, by ite great 
ennfugal force, ariſing from ſuch rotations, they may be- 
One of the figures of mill-ſtones; or be reduced to hat Cir- 


ular planes, ſo thin as to be quite inviſible when their edges 


* turned toward us; as Saturn's Ring is in ſuch poſitions, 
u when any eccentric Planets or Comets go round any fle: 
dt, in Orbits much inclined to its Equator, the atirattion 
0! the Planets or Comets ia their Perthelions mult alter the 
"tion of the Axis of that Star; on which account it will 
beer more or leſs large and luminous, as its broad fide is 
note or leſs turned toward us. And thus he imagines we may 
cwunt ſor cke apparent changes of magnitude and luſtre in 
1" Stars, and likewiſe for their appearipg and diſappearing, 


A a 3 they 


of their Comets falling upon them, and occaſion- 


break out all of a ſudden with ſuch luſtre, it is by 


Some Stars 
change their 


places. 
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The Eclip- 
tic leſs ob · 
lique now to 
the Equator 
than for- 
merly. 


i | 


Of Changes in the Heavens. 


they are to us, or ſwifter their motions are; or 


the more proper the direction of their motion is 
for our perception. 
368. The obliquity of the Ecliptic to the 


Equinoctial is found at preſent to be above the! 


third part of a degree leſs than Prolemy found it. 
And moſt of the obſervers after him — it to 
decreaſe gradually down to Tycho's time, If it 
be objected, that we cannot depend on the ob- 
ſervations of the ancients, becauſe of the incor. 
rectneſs of their inſtruments; we have to anſwer, 
that both Tycho and Flamſtead are allowed to have 
been very good obſervers; and yet we find that 
Flamſtead makes this obliquity 24 minutes of a 
degree leſs than Tycho did, about 100 years be. 
fore him: and as Ptolemy was 1324 years before 
Tycho, ſo the gradual decreaſe anſwers nearly to 
the difference of time between theſe three Aſtro: 
nomers. If we conſider, that the Earth 1s not a 
perfect ſphere, but an oblate ſpheroid, having its 
Axis ſhorter than its equatorial diameter; and that 
the Sun and Moon are conſtantly acting obliquely 


upon the greater quantity of matter about the 


Equator, pulling it, as it were, toward a nearer 
and nearer co-incidenee with the Ecliptic; it will 
not appear improbable that theſe actions ſhould 


3 diminiſh the Angle between thoſe Planes. 
or is it leſs probable that the mutual attraction 
of all the Planets ſhould have a tendency to bring 


their Orbits to a co- incidence: but this change is 


too ſmall to become ſenſible in many ages. 


> WS = © 


Of the Diviſion of Time. 


CHAP. XXI. 


Of the Diviſion of Time. A perpetual Table of New 
Moons. 
Cukisr. A Table of remarkable Æras or Events, 


369. H E parts of Time are Seconds, Minutes, 
13 Hours, Days, Years, Cycles, Ages, and 
Periods. ' „ 

370. The original ſtandard, or integral meaſure 
of time, is a Year; which 1s determined by the 
Revolution of ſome Celeſtial Body in its Orbir, 
viz, the Sun or Moon. 

371. The Time meaſured by the Sun's Revolu- 
tion in the Ecliptic, from any Equinox or Solſtice 
to the ſame again, is called the Solar or Tropical 
Yar, which contains 365 days, 5 hours, 48 mi- 
nutes, 57 ſeconds; and is the only proper or na- 


The Times of the Birth and Death of 


A Fear. 


Tropical 
Year. 


tural year, becauſe it always keeps the fame ſca- 


ſons to the ſame months. 
372. The quantity of time meaſured by the 


Sun's Revolution as from any fixed Star to the 


lame Star again, is called the Sydereal Tear; which 
contains 365 days, 6 hours, 9 minutes, 144 ſe- 
conds; and is 20 minutes, 174 ſeconds longer 
than the true Solar Year. — 
373. The time meaſured by twelve Revolutions 
of the Moon, from the Sun to the Sun again, is 
called the Lunar Tear; it contains 354 days, 8 


tours, 48 minutes, 36 ſeconds; and is therefore 


10 days, 21 hours, o minutes, 21 ſeconds ſhorter 
than the Solar Year. This is the foundation of 
the Epact. 

374. The Civil Year is that which is in common 
oſe among the different nations of the world; of 
wich, ſome reckon by the Lunar, but molt by 
theSolar, The Civil Solar Year contains 365 days, 
or three years running, which are called Common 


Varg; and then comes in what is called the Biſex- 
Aa4 tile 


Sy 'oreal 
Year. 


Lunar Year, 


Civil Year, 
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Luna Tear. 


Romar Year, 


The origi - 

n.l of the 

Gregorian er 
New .. ii. 
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tile or Leap-year, which contains 366 days. This 
is alſo called the Julian Tear, on account of Julius 
Cæſar, who appointed the intercalary day every 
fourth year, thinking thereby to make the Civil 
and Solar Year keep pace together. And this 
day, being added to the 23d of February, which in 
the Roman Calendar was the ſixth of the Calends 
of March, that ſixth day was twice reckoned, or 


the 23d and 24th were reckoned as one day; and 
was called Bis ſextus dies, and thence came the 


name B://extile for that year. But in our common 
Almanacks this day is added at the end of February, 

375. The Civil Lunar Tear is alſo common or 
intercalary. The common Year conſiſts of 12 
Lunations, which contain 354 days; at the end of 
which, the year begins again, The Intercalaty, or 
Embolimic Year, is that wherein a month was added 
to adjuſt the Lunar Year to the Solar, This me- 
thod was uſed by the Jets, who kept their account 
by the Lunar Motions. But by intercalating no 
more than a month of 30 days, which they called 
Ve- Agar, every third year they fell 3+ days ſhort 
of the Solar Year in that time, 

376. The Remans allo uled the Lunar Emboli- 
mic Year at firſt, as it was ſettled by Romulus their 
firſt King, who made it to conſiſt only of ten 
months or Lunations; which fell 61 days ſhort of 
the Solar Year, and fo their year became quite 
vague and unfixed; for which reaſon they were 
forced to have a Table publiſhed by the High- 
Prieſt, to inform them when the ſpring and other 
ſeaſons began. But Julius Cæſar, as 8 men- 
tioned, & 374, taking this troubleſome affair into 
conſideration, reformed the Calendar, by making 
the year to conſiſt of 265 days, 6 hours. | 

377. The year thus ſettled, is what was uſed in 
Britain till A. D. 17 52: but as it is ſomewhat more 
than 1 minutes longer than the Solar Tropical Near, 
the times of the Equinoxes go backward, and fall 
earlier by one day in about 130 years, In the ay 

| 21 6 
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of the Nicene Council (A. D. 325), which was 1439 
years ago, the Vernal Equinox fell on the 21ſt of 
March: and if we divide 1444 by 130, it will 
quote 11, which 1s the number of days the Equi- 
nox has fallen back fince the Council of Nice: 
This cauſing great diſturbances, by unfixing the 
times of thecelebtation of Eaſter, and conſequently 
of all the other moveable Feaſts, Pope Gregory the 
XIII. in the year 1582, ordered ten days to be at 
once ſtruck out of that year; and the next day 
after the fourth of October was called the fifteenth. 
By this means the Vernal Equinox was reſtored to 
the 21ſt of March; and it was endeavoured, by 
the omiſſion of three intercalary days in 400 years, 
to make the Civil or Political year keep pace with 
the Solar for the time to come. This new form 
of the year is called the Gregorian Account, or New 
ſtile; which is received in all countries where the 
Pope's authority is acknowledged, and ought to 
be in all places where truth 1s regarded, | 
378. The principal diviſion of the year is into 
Mentha, which are of two ſorts, namely, Mironomi- 
cal and Civil; The Aſtronomical month is the 
time in which the Moon runs through the Zodiac, 
and is either Periodical or Synodical. The Peri- 
odical Month is the time ſpent by the Moon in 
making one complete Revolution from any point 
of the Zodiac to the ſame again; which is 27% 5 
43". The Svnodical Month, called a Lunation, 
is the time contained between the Moon's parting 
with the Sun at a Conjunction, and returning to 
him again; which is 297 12* 42", The Civil 
Months are thoſe which are framed for the uſes of 
civil life; and are different as to their names, 
number of days, and times of beginning, in ſeve- 
tal different Countries. The firit month of the 
Jewiſh Year fell, according to the Moon, in our 
Auguſt and September, Old Stile; the ſecond in 
eptember and G#ober; and fo on. The firſt 
WH Pvnth. of the Fgyprian Year began on the 29th of 


Our 
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our Auguſt. The firſt month of the Arabic and 
Turkiſh Year began the 16th of July. The firſt 
month of the Grecian Year fell, according to the 
Moon, in June and July, the ſecond in Judy and 
Auguſt, and ſo on, as in the following Table. 

379. A month is divided into four parts called 
Weeks, and a week into ſeven parts called Days; 
ſo that in a Julian year there are 13 ſuch Months, 
or 52 Weeks, and one Day over. The Gentile; 
gave the names of the Sun, Moon, and Planets, 
to the Days of the Week. To the firſt, the 
Name of the Sun; to the ſecond, of the Moor; 
to the third, of Mars; to the fourth, of Mercury, 
to the fifth, of Jupiter; to the ſixth, of Venus; 
and to the ſeventh, of Saturu. 


un 


N* The Jewiſh year. Days 
2u[Tifri — — — Avg.—Sept. | 
2|Marchelvlan — — Sept.—Oct. | 29 
| ZjCaſleau — — — Oct.— Nov. 30 
4|\Tebeth — — — Nov.—Dec. | 29 
g|Shebat — — — Dec.—Jan. 30 
Adar — — — jan. — Feb. 29 
7Niſan or Abib - — Feb. Mar. 30 
8] ]liar — — — — Mar. — Apr. | 29 
| gSivan — — — Apr,—May | 30 
era May— June | 29 
11 Ab — — — — June—July 30 
f12|]Elul - — — — July—Avg. | 29 
| Days in the year — — 354 
| In the Embolimic year after Adar they added a 
month called Ve- Adar of 3o days. 
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The Egyptian year. 


— 


Mechir 
Phamenoth 
— 
9Pachon 
10 Pay ni 
11Epiphi 

12 Meſori 


I 
2 
3 
4|Choj 
5Tybi 
6 
7 
8 


1 


Auguſt 
September 
October 
November 
December 
January 
February 
March 
April 

May 

June 


July 


29 
28 
28 
27 
27 
26 
25 
27 
25 
26 
25 
25 


Go 
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| Epagomene or days added 


Days 1n the year 
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Arabic and Turkiſh year, 


6 


Muharram 
Saphar 

Rabia I. 
Rabia II. 
Jomada I. 

Jomada II. 
Rajab 

Shaſban 
Ramadam 
Shawal 
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© © 


t 
FEE 


July 
Auguſt 


i . | 
Days 1 


16 
15 


September 13 


October 


13 


November 11 


December 
January 
February 
March 
April 
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11|Dulhaadah May 30 
12Dulheggia June 29 
Dzys in the year — — 354 


The Arabians add 11 days at the end of every year, 
which keep the ſame months to the ſame ſeaſons. 
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[Ns] | The ancient Grecian year. Days 
. N — — 1 
Ii Hecatombæon— — June July 30 
1 He | | 
2 Metagitnion — — July Aug. 2 
3 Boëdromion — — Avg.—Sept. |! -- 
4 Pyanepſion — — Sept. —Oct. 29 
| z]Maimafterton — — Oft.—Nov. | 20 
6 Poſideon — — Nov. — Dec. 29 
7 Samclion — — Dec. —Jan. 30 
| 8{Antheſterion — — Jan.— Feb. 29 
9FElaphebolion — — Feb. — Mar 50 
10 Monicheon — — Mar. — Apr. | 29 
110 Thargelion — — Apr. - May 0 
| ! b 3 
120 Schirrophorilon = — May—June | 29 
Days in the year — _ 354 


380. A Day is either Natural or Artificial. The 
Natural Day contains 24 hours; the Artificial, the 
time from Sun-riſe to Sun-ſet, The Natural Day 
is either Mironomical or Civil. The Aſtronomical 
Day begins at Noon, becauſe the increaſe and de- 
creaſe of Days terminated by the Horizon are very 
unequal among themſelves; which inequality is 
likewiſe augmented by the inconſtancy of the hori- 
zontal Refractions Q 183; and therefore the Aſtro- 
nomer takes the Meridian for the limit of diurnal 
Revolutions; reckoning Noon, that is, the inſtant 
when the Sun's center 1s on the Meridian, for the 
beginning of the Day. The Britiſb, French, Dutch, 
Germans, Spaniards, Pertugueſe, and Egyptians, be- 
gin the Civil Day at Midnight: the ancient Greeks, 
Jews, Bohemians, Silefians, with the modern Ttalians, 
and Chineje, begin it at Sun- ſetting: and the an- 
cient Babylonians, Perfians, Syrians, with the mo- 
dern Greeks, at Sun-riſing. | 

381. An Hear is a certain determinate part of 
the Day, and is either equal or unequal, An equal 


Hour is the 24th part of a mean natural Day, as 
| ſhewn 
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ſhewn by well-regulated Clocks and watches; but 
theſe hours are not qigte equal as meaſured by 
the returns of the Sun to the Meridian, becauſe 
of the obliquity of the Echptic and Sun's une- 
qual motion in it, S 224—245. Unequal Hours 
are thoſe by which the Artificial Day is divided 
into twelve Parts, and the Night into as many. 

282, An Hour is divided into 60 equal parts 
called Minutes, a Minute into 60 equa] parts 
called Seconds, and theſe again into 60 equal 
parts called Thirds. The Jews, Chaldeens, and 
Aradians, divide the Hour into 1080 equal parts 


called Scruples ; which number contains 18 times 


bo, ſo that one minute contains 18 Scruples. 
383. A Cycie is a perpetual round, or circula- 
tion of the ſame parts of time of any ſort. The 
Cycle of the Sun is a revolution of 28 years, in 
which time the days of the months return again 
to the ſame days of the week ; the Sun's Place to 
the ſame Signs and Degrees of the Eclipric on 
the ſame months and days, ſo as not to differ one 
degree in 1Co years; and the Leap-years begin 
the ſame courſe over again with reſpect to the 
days of the week on which the days of the months 
fall, The Cycle of the Moon, commonly called the 
Golden Number, is a revolution of 19 years; in 
which time, the Conjunctions, Oppoſicions, and 
other Aſpects of the Moon, are within an hour 
and half of being the ſame as they were on the ſame 
days of the months 19 years before. The 1ndic- 
in is 4 revolution of 15 years, uſed only by the 
K:mans for indicating the times of certain pay- 
ments made by the ſubjects to the Republic: ir 
was eſtabliſhed by Conſtantine, A. D. 312. 
384. The year of our Saviouk's Birth, accord- 
Ing to the vulgar Era, was the gth year of the 
Solar Cycle; the firſt year of the Lunar Cycle; 
and the 312th year after his birth was the firſt year 
of the Roman Indiction. Therefore, to find the 
Year of the Solar Cycle, add 9 to any given year 
| | of 


a 


Minates, 
Seconds, 
Thirds, and 
Scruples. 


4 * = = . TY 6A. - — 
— EE. : F 5 EX iy: = 2 a a I —— = ts ogy ; * DF k K2- 
. ap: —- — — 2 — = 1 2 3 2 3 WE = 
* — * $4 -* 8 ; _ 4 2 1 ST — < by”?! 3 : * r 2 be — 
: x . — . =. . . 
\ > is — — r a ee — = — Ot ——— 4 * — 
7 —_ — - — 5 
E „ S — - * *. - E \ 
4 FEE. + * 4 2 
8 
. & >= an 0 * 22 IR 4 — & 


* 


A — — — — — — —— — —— 
* = — = Et - 
—_ * 2— e 2 2 8 
2 a>; © 2 2 „ 8” 22 N 
r r — i 
e * a D * © 
oy 3 4 þ F ——_ = F 
. 2 Wa 2 — I OE 
—— 3 — = 
2 2 FAS: LEE K 2 
IE ” ” * 8 * 
n — 2 — 


Cycles of 
the Sun, 
Moon, and 
lavictions 


. 
c 
"Rn . 
- 
. 
ry > — p- 
= 


To knd the 
Years of 
theſcCyclews 


The defici- 
ency of the 
Lunar Cy- 
cle, and con- 
ſequence - 
thereof. 


Hos to find 
= te day of 
the New 
Moon by 
= ib; Golden 
Numbveti, 


Of the Diviſion of Time. 


of CHRIST, and divide the ſum by 28, the Quotient 
is the number of Cycles elapſed ſince his birth 
and the remainder is the Cycle for the given year: 
if nothing remain, the Cycle is 28. To find the 
Lunar Cycle, add 1 to the given year of Cuxisr, 
and divide the ſum by 19; the Quotient is the 
number of Cycles elapſed in the interval, and the 
remainder is the Cycle for the given year: if no- 
thing remain, the Cycle is 19. Laſtly, ſubtra& 
312 from the given year of CRRISsT, and divide 
the remainder by 15; and what remains after this 
diviſion is the Indiction for the given year: if 
nothing remain, the indiction is 13. 

385. Although the above deficiency in the Lu- 
nar Cycle of an hour and half every 19 years be 
but ſmall, yet in time it becomes ſo ſenſible as to 
make a whole natural Day in 310 years. So that, 
although this Cycle be of uſe, when the Golden 
Numbers are rightly placed againſt the days of 
the months in the Calendar, as in our Common 
Prayer Books, for finding the days of the mean 
Conjunctions or Oppoſitions of the Sun and 
Moon, and conſequently the time of Eafter; it 
will only ſerve for 310 years, Old Stile. For as 
the New and Full Moons anticipate a day in that 
time, the Golden Numbers ought to be placed 


one day earlier in the Calendar for the next 310 


years to come. Theſe Numbers were rightly 
placed againſt the days of New Moon in the Ca- 
lendar, by the Council of Nice, A. D. 325; but 
the anticipation which has been neglected ever 
ſince, is now grown almoſt into g days; and 
thereſore all the Golden Numbers ought now to 
be placed 5 days higher in the Calendar for the 
Old Stile than they were at the time of the ſaid 
Council; or ſix days lower for the New Stile, be- 
cauſe at preſent it differs 11 days from the Old. 
386. In the annexed Table, the Golden Num- 
bers under the months ſtand againſt the days of 


New Moon in the left-hand column, for the New 
20 Stilt ; 
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Stile; adapted ehiefly to the ſecond year after 


A perpetual 
Table of the 
time of New 
Moon to the 
neareſt hour 
for the 014 


Scile, 
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Leap-year, as being the neareſt mean for all the 
four; and will ſerve till the year 1900. There. 
fore, to find the day of New Moon in any month 
of a given year till that time, look for the Golden 
Number of that year under the deſired month, and 
againſt it, you have the day of New Moon in the 


left-hand column. Thus, ſuppoſe it were te. T 
quired to find the day of New Moon 1n September, ing 
1757; the Golden Number for that year is 10, ie 
which I look for under September, and right againſt bert 
it in the left-hand column I find 13, which is the ear 
day of New Moon in that month. V. B. If all the I h 
Golden Numbers, except 17 and 6, were ſet one and: 
day lower in the Table, it would ſerve from the ¶ le c 
beginning of the year 1900 till the end of the year plete 
2199. The firſt Table after this Chapter ſheny hours 
the Golden Number for 4000 years after the birth have 
of CyrisT; by looking for the even hundreds of clapſe 
any given year at the left hand, and for the tet Gan, 
to make up that year at the head of the Table; 76 ye 
and where the columns meet, you have the Golden WF" the 
Number (which is the ſame both in Old and New e 0 
Stile) for the given year. Thus, ſuppoſe the ey 
Golden Number was wanted for the year 1757; Rain 
I look for 1700 at the left hand of the Table, and nt 
for 57 at the top of it; then guiding my eje Ne b 
downward from 57 to over againſt 1700, I find 8W**'s + 
10, which is the Golden Number for that year. ble, 
387. But becauſe the Lunar Cycle of 19 year loon 
ſometimes includes five Leap- years, and at other ee, 
times only four, this Table will ſometimes vary : 26t 
day from the truth in Leap-years after Februar). N 
And it is impoſſible to have one more correct, un · . for 
leſs we extend it to four times 19 or 76 years; i de Tab 
which there are 19 Leap- years without a remain- leſs 1 
der. But even then to have it of perpetual uſe, it NU fo 
muſt be adapted to the Old Stile; becauſe in ever) hours 
illons 


centurial year not diviſible by 4, the regular courſe 


of Leap- years is interrupted in the New; as * 
. 
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de the caſe in the year 1800. Therefore, upon 
the regular Old Stile plan, J have computed the 
following Table of the mean times of all the New 
Moons to the neareſt hour for 76 years; begin- 
ning with the year of CHRIST 1724, and ending 
with the year 1800. ; 

This Table may be made perpetual, by deduct- 
ing 6 hours from the time of New Moon in any 
given year and month from 1724 to 1800, in or- 
der to have the mean time of New Moon in any 
year and month 76 years afterward; or deductin 
12 hours for 152 years, 18 hours for 228 years, 
and 24 hours for 304 years: becauſe in that time 
the changes of the Moon anticipate almoſt a com- 
plete natural day. And if the like number of 
hours be added for ſo many years paſt, we ſhall 
have the mean time of any New Moon already 
capſed, Suppoſe, for example, the mean time of 
Change was required for January 1802; deduct 
16 years, and there remains 1726, againſt which, 
in the following Table, under January, I find the 
time of New Moon was on the 21ſt day, at 11 in 
lhe evening: from which take 6 hours, and there 
emains the 21ſt day, at 5 in the evening, for the 
nean time of Change in January 1802. Or, if the 
me be required tor May, A. D. 1701, add 76 
years, and it makes 1777, which I look for in the 
Lable, and againſt it, under May, I find the New 
loon in that year falls on the 25th day, at ꝙ in 
ie evening; to which add 6 hours and it gives 
ie 26th day, at 3 in the morning, for the time of 
(ew Noon in May, A. D. 1701. By this addi- 
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os for time paſt, or ſubtraction for time to come, 
ae Table will not vary 24 hours from the truth 
ness than 14592 years. And if, inſtead of 6 
urs for every 76 years, we add or ſubtract only 
n hours 52 minutes, it will not vary a day in 20 
re lions of years. | 
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Although this Table is calculated for 76 years 
only, and according to the Old Stile, yet by means 
of two eaſy Equations it may be made to anſwer 
as exactly to the New Stile, for any time to come, 
Thus, becauſe the year 1724 in this Table is the 
firſt year of the Cycle for which it is made; if 
from any year of CHRIST after 1800 you ſubtraq 


1723, and divide the overplus by 76, the quotient 
will ſhew how many entire Cycles of 76 years are 
elapſed ſince the beginning of the Cycles here pro- | 


vided for; and the remainder will ſhew the year 
of the current Cycle anſwering to the given year 
of CHRIST. Hence if the remainder be o, you 
mult inſtead thereof put 76, and leſſen the quo- 


tient by unity. 


Then, look in the left-hand column of the Table 


for the number in your remainder, and againſt it | 
you will find the times of all the mean New Moons | 


in that year of the preſent Cycle. And whereas 
in 76 Julian years the Moon anticipates 5 hours 
52 minutes, if therefore theſe 5 hours 52 minutes 
be multiplied by the above found Quotient, thatis, 
by the number of entire Cycles paſt; the product 
ſubtracted from the times in the Table will leave 
the corrected times of the New Moons to the 004 
Stile; which may be reduced to the New Sſile thus: 

Divide the number of entire hundreds 1n the 
given year of Car1sT by 4, multiply this quotient 
by 2, to the product add the remainder, and from 
their ſum ſubtract 2: this laſt remainder denotes 


the number of days to be added to the times above 
corrected, in order to reduce them to the New Stile. 


The reaſon of this is, that every 400 years of the 
New Stile gains 3 days upon the Old Stile : one of 
which it gains in each of the centurial years ſue- 
ceeding that which is exactly diviſible by 4 without 
a remainder; but then, when you have found the 
days ſo gained, 2 muſt be ſubtracted from their 
number on account of the rectifications made in 
the Calendar by the Council of Nice, and ſince 0) 

| 13 Pope 
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Pope Gregory. It muſt alſo be obſerved, that the 
additional days found as above directed, do not 
take place in the centurial Years which are not 
multiples of 4 till February 29th, Old Stile, for on 
that day begins the difference between the Stiles; 
till which day, therefore, thoſe that were added in 


the preceding years mult be uſed. The following 
Example will make this accommodation plain, 


Required the mean time of New Moon in June, A. D. 
1909, N. S. 


From 1909 take 1723 
years, and there remains 186 
Which, divided by 76, 

gives the quotient 2 

and the remainder — 34 
Then, againſt 34 in the 
Table is Tune — 
And 5* 5 au multiplied by 
2 make to be ſubtr. — 
Remains the mean time 
according to the Ola 
Stile, une — — 5* $* 16 
Latire hundreds in 1909 

are 19, which divide by 

4, quotes — — 4 

and leaves a remainder of 3 
Which quotient multipli- 

ed by 3 makes 12, and 

the remainder added 
makes — 
From which ſubtract 2, 
and there remains — 13 
Which number of days 
added to the above time, 

0% Stile, gives June — 188 16" Morn, N. S. 


5* 8* on Afternoon 
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So the mean time of New Moon in June, 1909, 
New Stile is the 18th day, at 16 minutes paſt 8 in 
the Morning. 

If 11 days be added to the time of any Ney 

Moon in this Table, it will give the time of that 
New Moon according to the New Stile till the 
year 1800. And if 14 days 18 hours 22 minutes 
be added to the mean time of New Moon in ei. 
ther Stile, it will give the mean time of the neu ; 
Full Moon according to that Sie, | 
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1 TaBLE ſhewing the times of all the mean Changes of the 
Moon, to the neareft Hour, through four Lunar Periods, 
or 76 years. M fignifies morning, A afternoon. 


A.D. 
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. _- 
5 | January February March | April 
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7 D. H. D. H. D. H. D. H. 
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7 A TBT of the mean New Moons, Kc. 
May June July | Auguſt 
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I of the mean New Moons, &c. 
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— A TABLE of the mean New Moons continued. 
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E A TELE of the mean New Moons continued. | [| 
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A TaBLE of the mean New Moons concluded. 


+ 


L January | February| March April 
A.D. | 


p. HD. A HD. H. 


4177727 6 A6 7M|27 8 Als gM 
55778117 Il ei 4Al7 SME 5A 


6 177% 6 O ATE 1M 6s 2A|5 3M 


5517 025 10Mſ23 11 Alz4 1IIMIz2 12 A 
178113 A2 MIZ 8 Al[r2 YM 


918-13 IMT r 4 A3 5M|x 6A 
60 783122 1Mſ20 2Aſz2 2Mſ20 3A 
891 bh g9M| 9 10 Alo 11M} 8 12A 


EY "IT * 1 2 
—— — JA, ap — 9 * 
— TOTS > — * 1 
27... X—— 2 
- a — 


ASOS 211 zo N 


— - TEES — 2 —_ 
— — — — — — — . P N , 
- 4 — - = FF — E — $— * > I * ECL _ 3 
IE +. 4 C ˙;]«¹Ü ͥ ũ ꝙͤ lT—L1 5 a — — 
bo Ca REC I>E :=7 & * — 1 2 b = ri 7 — ID 
2 7 hs — — r — * 2 
0 * E&Rĩ "Sz er Ht 4 


7 4A|3 l A 684 


69179123 1Aſaz2 2M 23 34A|22 4M 
69 1792/12 10 Alf IIMIII 12 Alo 1A 


[91795 
111794 0 5Mii8 6 A zo 6M1i8 7A 
721793 9 1A 8 2M 3 A8 4M 


| | 
131794128 11Mja6 12 Alz7 oAls 1M 
[+1797/16 7Als 8Mjis 9 A5 10 


5798 % 6 AM A 5 A6 EM A4 7A 


6439955 2Mi23 3 Az AMäzz 5A 
Soi 1i1Mhi2 12 All O AHT IMI 


The year 1200 begins a new Cycle, 


Of the Diviſion of Time. 


E if Tan of the mean New Moons concluded. | 
| — May June July Auguſt 

: 5 A. D. on — 
2 an., ob., ab., 
— 8 


7317965 Alz 2Mi2z 3 Az: 4M 
741797/%4 10 Aſi3 II MI[I2 12 Alll 1A 


751798] 4 MU 2 8A. 


761799 3 c5Mj2rt 6 AI G6Miig 8A 
1 oO Allo 2Mlg 3A8 4M} | 


„ — 


149 241 Jo K ] 


wa 
> 


Of the Diviſion of Time, 


f A TaBLE of the mean New Moons concluded. | 
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388. The Cycle of Eaſter, alſo called the Diomſſan 
Period, is a revolution of 532 years, found by my]. 
tiplying the Solar Cycle 28 by the Lunar Cycle 
19. If the New Moons did not anticipate upon 
this Cycle, Eaſter-day would always be the Sunday 
next after the firſt Full Moon which follows the 
21ſt of March. But on account of the above an- 
ticipation, & 422. to which no proper regard waz 
had before the late alteration of the ile, the Fc. 
clefiaſtic Eaſter has ſeveral times been a week dif. 
ference from the true Eafter within this laſt Cen- 
tury : which inconvenience is now remedied by ma. 
king the Table which uſed to find Eaſter for ever, 
in the Common Prayer Book, of no longer uſe than 
the Lunar difference from the New Stile will ad- 
mit of, 

389. The earlieſt Eaſter poſſible is the 224 of 
March, the lateſt the 25th of April. Within theſe 


limits are 35 days, and the number belonging to 
each of them is called the Number of Direction; 


becauſe thereby the time of Eaſter is found for any 
given year. To find the Number of Direction, 
according to the New Stile, enter Table V. folloy- 


ing this Chapter, with the compleat hundreds of 


for the given year. 


any given year at the top, and the years thereof 
(if any) below a hundred at the left hand; and 
where the columns meet 1s the Dominical Letter 
Then enter Table I. with 


the compleat hundreds of the ſame year at the leſt 


hand, and the years below a hundred at the top; 
and where the columns meet is the Golden Num- 
ber for the ſame year. Laſtly, enter Table II. with 
the Dominical Letter at the left hand and Golden 
Number at the top; and where the columns meet 
is the Number of Direction for that year; which 
number, added to the 21ſt day of March, ſhews 
on what day, either of Marchor April, Eaſter Sunday 
falls in that year. Thus the Dominical Letter 
New Stile for the year 1757 is B (Table V.) and 
the Golden Number is 10, (Table I.) by a 
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in Table II. the Number of Direction is found to 


he 20; which, reckoning from the 21ſt of March, 
ends on the 10th of April, that is, Eaſter Sun- 
day, in the year 1757. N. B. There are always 
two Dominical Letters to the Leap-year, the firſt 
of which takes place to the 24th of February, the 
laſt for the following part of the year. 

290. The firſt ſeven letters of the Alphabet are 


commonly placed in the annual Almanacks, to 


new on what days of the week the days of the 
months fall throughout the year. And becauſe 
one of thoſe ſeven Letters muſt neceſſarily ſtand 
wgainſt Sunday, it is printed in a capital form, and 
called the Dominical Letter; the other ſix being 
inſerted in ſmall characters, to denote the other ſix 
days of the week, Now, ſince a common Julian 
Tear contains 265 Days, if this number be divided 
by 7 (the number of days in a week) there will re- 
main one day. If there had been no remainder, it 
'splain the year would conſtantly begin and end on 
theſame day of theweek. But ſince 1 remains, it is 
as plain that the year muſt begin and end on the 
ame day of the week; and therefore the next year 
will begin on the day following. Hence, when 
January begins on Sunday, A is the Dominical or 
day Letter for that year: then, becauſe the next 
jear begins on Monday, the Sunday will fall on the 
ſeventh day, to which is annexed the ſeventh Let- 
ter C, which therefore will be the Dominical Letter 
bor all that year: and as the third year will begin 
on Tueſday, the Sunday will fall on the ſixth day; 
meretore Y will be the Sunday Letter for that year. 
hence it is evident, that the Sunday Letters will 
£0 annually in a retrograde order thus, G, F, E, D, 
,B, A. And in the courſe of ſeven years, if they 


!!! VK 


ad Dominical Letters would return to the ſame 
er Nes of the months. But becauſe there are 366 
d Neis in a Leap-year, if this number be divided by 
b, chere will remain two days over and. above the 
in 52 


To find the 
true Eafters 
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vere all common ones, the ſame days of the week 
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334 Obe Diviſion of Time. 
$2 weeks of which the year conſiſts. And there. 
fore, if the Leap- year begins on Sunday, it will end 
on Monday; and the next year will begin on Tuef. 
day, the firſt Sunday whereof muſt fall on the ſixth 
of January, to which is annexed the Letter F, and 
not G, as in common years: by this means, the 
Leap-year returning every fourth year, the order 
of the Dominical Letters is interrupted ; and the 
ſeries cannot return to its firſt ſtate till after four 
times ſeven, or. 28 years; and then the ſame days 
of the months return 1n order to the ſame days of 

the week as before, 
T6 dad the , Jg1. To find the Dominical Letter, for any year 
Leue. either before or after the Chriſtian Ara. In Table lll. 
or IV. for Old Stile, or V. for New Stile, look for 
the hundreds of years at the head of the Table, 
. and for the years below a'hundred (to, make up 
the given year) at the left hand; and where the 
columns meet, you have the Dominical Letter for 
the year deſired. Thus, ſuppoſe the Dominica 
Letter be required for the year of CHRIST 1758 
New Stile, I look for 1700 at the head of Table V. 
and for 58 at the left- hand of the ſame Table; and 
in the angle of meeting, I find A, which is the Do- 
minical Letter for that year. If it was wanting 
for the ſame year Old Stile, it would be found by 
Table IV. to be D. But e find the Dominical Letter 
for any given year before CHRIST, ſubtract one from 
that year, and then proceed in all reſpects as jult 
now taught, to find it by Table III. Thus ups 
| Poſe the Dominical Letter be required for the 
58 5th year before the firſt year of CHRIST, look 
for 300 at the head of Table III. and for 84 al 
the left hand; in the meeting of theſe columns 1s 
FE, which were the Dominical Letters for that 
year, and ſhews that it was a Leap-year; becaule 
| Leap- year has always two Dominical Letters. 

To find tte 392. Tofind the day of the month anſwering 16 4 
ae ofthe day of the week, or the day of the week anſwering 10 
any day of the montb, fer any year paſs or 10 come. 
Having 


* 
\ 
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Having found the Dominical Letter for the given 
year, enter Table VI. with the Dominical Letter 
at the head; and under it, all the days in that co- 
lumn are Sundays, in the diviſions of the months; 
the next column to the right hand are Mondays; 
the next, Tueſdays; and ſo on to the laſt column 
under G; from which go back to the column un- 
der A, and thence proceed toward the right hand 
23 before. Thus, in the year 1757, the Dominical 
Letter New Stile is B, in Table V; then in Table 
VI. all the days under B are Sundays in that year, 
viz, the 2d, gth, 16th, 23d, and goth of January 
and OFober; the 6th, 13th, 20th, and 27th of Fe- 
bruary, March, and November: the 3d, 1oth, and 
17th of April and July, together with the 31ſt of 
July; and {o on to the foot of the column. Then, 
of courſe, all the days under C are Mondays, name- 
ly, the 3d, 10th, &c. of January and October; and 
ſo of all the reſt in that column, If the day of the 
week anſevering to any day of the month be required, 
tis eaſily had from the ſame Table by the Letter 
that ſtands at the top of the column in which the 
oven day of the month is found. Thus, the Letter 
that ſtands over the 28th of May is A; and in the 
year 585 before Cnri1sT, the Dominical Letters 
vere found to be FE, § 391; which being a Leap- 
ear, and E taking place from the 24th of February 
to the end of that year, ſhews by the Table that 
tie 25th of May was on a Sunday; and therefore the 
th muſt have been on a Wedneſday; for when E 
lands for Sunday, F muſt ſtand for Monday, G 
br Treſday, &c. Hence, as it is ſaid that the fa- 
mous F.cliple of the Sun foretold by TRHALES, by 
ich a peace was brought about between the 
Medes and Lydians, happened on the 28th of Mey, 
I the 58 5th year before CHRIST, it fell on a Wed- 
Many, J Me | ; 
393. From the multiplication of the Solar Cycle 5.» 
„s years into the Lunar Cycle of 19 years, and Vans. 
ne. We Kaman Indiction of 15 years, ariſes the great 
10g Cc Julian 
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To find the 
year of this 
Period: 


* 


And the 
Cycles of 
that year, 


The true 


Fra of 
Cunr1tT's 
Births 


pleted: and therefore it includes all other Cycles 


whole Period that has the ſame numbers for the 


Of the Times of the Birth and Death of Cnklsr. 
Julian Period, conſiſting of 7980 years, which had ye 


its beginning 764 years before Strauchius s ſuppoſed th 
year of the Creation (for no later could all the three 23 


Cycles begin together), and it is not yet com- 


Periods, and Eras. I here is but one year in the 


three Cycles of which it is made up: and, therefore, 
if hiſtorians had remarked in their writings the 
Cycles of each year, there had been no diſpute 
about the time of any action recorded by them. 

394. The Dionyſian or vulgar Era of Carisr'; 
birth was about the end of the year of the Julia 
Period 4713; and conſequently the firſt year of 


his age, according to that account, was the 4714 1 
year of the ſaid Period. Therefore, if to the cur- int 
rent year of CHRISTH we add 4713, the ſum will be WM for 
the year of the Julian Period. So the year 1757 WM fact 
will be found to be the 640th year of that period. 7+: 
Or, to find the year of the Julian Period anſwering WW and 
to any given year before the firſt year of Curr, oft 
ſubtract the number of that given year from 4714, Ml poin 
and the remainder will be the year of the Jul if th 
Period. Thus, the year 585 before the firſt jeu ing, 
of ChRIST (which was the 584th before his birth) Dr. 
was the 4129th year of the ſaid Period. Laſtly, WM ſenſe 
to find the Cycles of the Sun, Moon, and Indiftion, WW exp]; 
for any given year of this Period, divide the give thor 
year by 28, 19, and 15; the three remainders wil the y 
be the Cycles ſought, and the Quotients the nun-Wi point 
bers of Cycles run ſince the beginning of the PW it int 
riod. So in the above 47 14th year of the Jui Ve 
Period, the Cycle of the Sun was 10, the Cyl Pry} 
of the Moon 2, and the Cycle of Indiction 4; th ſor, 
Solar Cycle having run through 168 courſes, te «lia; 
Lunar 248, and the Indiction 314. leon. 
. The vulgar Era of Carisr's Birth v 75 

never ſettled till the year 527, when Dionyſius Eu. ard 1 
guns, a Roman Abbor, fixed it to the end of ff — 
Mets! 


4713th year of the Julian Period, which was fou 


yea 0 


Of the Times of the Birth and Death of CrinrsT., 


ears too late. For our S4avrout was born before 
the death of Herod, who ſought to kill him as foon 
1s he heard of his birth. And according to the 
teſtimony of Joſephus (B. xvii. ch. 8.) there was 
an Eclipſe of the Moon in the time of Hered's laſt 
Neſs ; which Eclipſe appears by our Aſtronomi— 
cal Tables to have been in the year of the Julian 
Period 4710, March 13th, at 3 hours paſt mid- 
night at Jeruſalem. Now as our Saviour muſt have 


ſince in the interval he was carried into Egypt, 
the lateſt time in which we can fix the true Æra of 
his birth is about the end of the 470gth year of 
the Julian Period, 

There is a remarkable Prophecy delivered to us 
in the ninth chapter of the book of Daniel, which, 
from a certain Epoch, fixes the time of reſtoring the 
ſtare of the Jews, and of building the walls of 
Jeruſalem, the coming of the Mxss1an, his death, 
and the deſtruction of Jeru/alem.—Burt ſome parts 
of this prophecy (Ver. 25.) are ſo injudiciouſly 


pointed in our Engliſh tranſlation of the B7Z/e, that, 


if they be read according to thoſe ſtops of point- 
Ing, they are quite unintelligible. But the learned 
Dr. Prideaux, hy altering theſe ſtops, makes the 
ſenſe very plain: and as he ſeems to me to have 
explained the whole of it better than any other au- 
thor I have read on the ſubject, I ſhall ſer down 
the whole of the Prophecy according as he has 
pointed ir, to ſhew in what manner he has divided 

It into four different parts. | 
Ver. 24. Seventy weeks are determined upon thy 
People, and upon thy holy City, to finiſh the tranſgreſ- 
fon, and to make an end of Sins, and to make recon- 
lation for Iniquity, and to bring in everlaſting Righ- 
teouſneſs, and to ſeal up the Viſion, and the Prophecy, 
end to anoint the moſt holy. Ver. 25. Know therefore 
end underſtand, that from the going forth of the Com- 
nandment to reſtore and build Jeroſalem unto the 
Mista the Prince ſhall be ſeven weeks and three. 
Ces core 


deen born ſome months before Herod's death, 
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ſcore and two weeks, the ftreet ſhall be built again, 

and the wall even in troublous times. Ver. 26. Aud 

after threeſcore and two weeks ſhall MzsStande cut 

off, but not for himſelf, and the people of the Prince 

_ that ſhall come, Mall deſtroy the City and Sanctuan, 

and the end thereof ſhall be with a flood, and unto the 

end of the War deſolations are determined. Ver. 27, 

And be ſhall confirm the Covenant with many for one 

week, and in the-midſt * of the week be ſhall cauſe the 

2 ſacrifice and the oblation to ceaſe, and for the over. 

' ſpreading of abominations he ſhall make it deſolate ever 

until the Conſummation, and that determined ſhall b: 
poured upon the deſolate. | | 

This Commandment was given to Ezra by A. 
taxerxes Longimanus, in the ſeventh year of that 
King's reign (Ezra, ch. vil. ver. 1126.) Ezra be- 
gan the work, which was afterwards accompliſhed 
by Nehemiah: in which they met with great oppo- 

ſition and trouble from the Samaritans/and others, 
during the firſt ſeven weeks, or 49 years. 
From this accompliſhment till the time when | 
CarisT's meſſenger, Joby the Baptiſt, began to 
preach the Kingdom of the Mxss1an, 62 weeks, 
or 434 years. | | 

From thence to the beginning of CHRIS T's pub- 
lic miniſtry, half a week, or 3+ years. 

And from thence to the death of CHRIST, hall 

a week, or 31 years; in which half week be 
preached, and confirmed the Covenant of the Golpel 
with many. 

In all, from the going forth of the Command 
ment till the Death of CHRIST, 70 weeks, or 450 
Years, : : 

And, laſtly, in a very ſtriking manner, the Pro- 
phecy foretels what ſhould come to pals after the 
expiration of the ſeventy weeks; namely, the De- 
ſtructien of the City and Sanctuary by the people © 
the Prince that was to come; which were the Roma" 

* The Dod or ſays, that this ought to be rendered, 26: baf 
part of the week, not the midſt, | 
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armies, under the command of Titus their Prince, 
who came upon Feru/alem as a torrent, with their 
idolatrous images, which were an abomination to 
the Fews, and under which they marched againſt 
them, invaded their land, and beſieged their holy 
City, and by a calamitous war brought ſuch utter 
deſtruction upon both, that the Jews have never 
been able to recover themſelves, even to this day, 
Now, both by the undoubted Canon of Ptolemy, 
and the famous Æra of Nabonaſſar, the beginning 
of the ſeventh year of the reign of Artaxerxes Lon- 
ginanus, King of Perfia, (who is called Abaſuerns 
in the book of Efher) is pinned down to the 
42c6th year of the Julian Period, in which year he 
gave Ezra the above-mentioned ample Commil- 
fon: from which count 490 years to the death of 
Cuxisr, and it will carry the fame to the 4746th 
year of the Julian Period. 
Our Saturday is the Jewti/h Sabbath: and it is 
plain from St. Mark, ch. xv. ver. 42. and St. Luke, 
ch. xxiii. ver. 54, that CHRIST was crucified on a 
Friday, ſeeing the crucifixion was on the day next 
before the Jewiſh Sabbath.—And according to St. 
Jobn, ch. xviii. ver. 28, on the day that the Paſſover 
was to be eaten, at leaſt by many of the Jews. 
The Fews reckoned their months by the Moon, 
and their years by the apparent revolution of the 
dun: and they ate the Paſſover on the 14th day of 
the month of Niſan, which was the firſt month of 
their year reckoning from the firſt appearance of 
the New Moon, which at that time of the year 
might be on the evening of the day next after the- 
change, if the ſky was clear. So that their 14th day 
of the month anſwers to our fifteenth day of the 
Moon, on which ſhe is full. Conſequently, the 
Paflover was always kept on the day of Full Moon. 
And the Full Moon at which it was kept, was 
vat one which happened next after the Vernal 
Equinox. For Joſephus expreſsly ſays (Anti. B. iii. 
ies . 10.) The Paſſover was kept on the 14th day 
ce * 
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te of the month of Ni/an, according to the Moon 
* when the Sun was in Aries. - And the Sun al- 


ways enters Aries at the inſtant of the Vernal Equi- 


nox ; which, in our Saviour's time, fell on the 22d 


day of March. 


The diſpute among Chronologers about the year 
of CarisrT's Death is limited to four or five years 


at moſt.— But, as we have ſhewn that he was cru. 
cified on the day of a Paſcal Full Moon, and on 
a Friday, all that we have to do, in order to aſcer- | 


tain the year of his death, is only to compute in 


which of thoſe years there was a Paſſover Full | 
Moon on a Friday, —For, the Full Moons antici- | 


pate eleven days every year (12 Lunar Months 
being ſo much ſhort of a Solar year), and therefore, 
once in every three years at leaſt, the Jews were 
obliged to ſet their Paſſover a whole month for- 


warder than it fell by the courſe of the Moon, on | 


the year next before, in order to keep it at the Full 


Moon next after the Equinox; therefore there could 


not be two Paſſovers on the ſame nominal day of 
the week within the compaſs of a few neighbouring 


years. And I find by calculation, the only Paſſover |} 
Full Moon that fell on a Friday, for ſeveral years 
before or after the diſputed year of the Crucifixion, | 
was on the 3d day of April, in the 4746th year of 


the Julian Period, which was the 490th year after 


Ezra received the above-mentioned Commiſſion | 
from Artaxerxes Longimanus, according to Ptolemy's |} 
Canon, and the year in which the Mxss1an was to | 
be cut off, according to the Prophecy, reckoning | 
from the going forth of that Commiſſion or Com- 
mandment: and this 49oth year was the 33d year | 
of our Savroun's Age, reckoning from the vulgar | 
Ara of his birth; but the 37th, reckoning from 
the true Era thereof. „ 
And, when we reflect on what the Jews told him, 
ſome time before his death ¶ John, viii. 57.) © Thou | 
e art not yet fifty years old, we muſt confeſs that 
it ſhould ſeem much likelier to have been ſaid to a 
perſon 4 
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perſon near forty than to one but juſt turned of 


thirty. And we may eaſily ſuppoſe that St. Luke , 


expreſſed himſelf only in round numbers, when he 
ſaid that Chriſt was baptized about the 30th year of 
his age, when he began his public miniſtry; as our 
'SaviouUR himſelf did, when he ſaid he ſhould lie 
three days and three nights in the grave. 

The 4746th year of the Julian Period, which 
we haye aſtronomically proved to be the year of 
the Crucifixion, was the 4th year of the 202d Olym- 
piad; in which year, Phlegon, a heathen writer, 
tells us, there was the moſt extraordinary Eclipſe of 
the Sun that ever was ſeen. But J find by calculation, 
that there could be no total Eclipſe of the Sun ar 
Jeruſalem, in a natural way, in that year. —So that 
what Phlegon here calls an Eclipſe of the Sun ſeems 
to have been the great darkneſs for three hours at 
the time of our Saviour's Crucifixion, as men- 
tioned by the Evangeliſts: a darkneſs altogether 
ſupernatural, as the Moon was then in the ſide of 
the Heavens oppoſite to the Sun: and therefore 
could not poſſibly darken the Sun to any part of 
the Earth. 

396. As there are certain fixed points in the 
Heavens from which Aſtronomers begin their com- 
putations, ſo there are certain points of time from 
which hiſtorians begin to reckon; and theſe points, 
or roots of time, are called Aras or Epochs, The 
moſt remarkable Aras are thoſe of the Creation, 
the Greek Olympiads, the building of Rome, the 
Era of Nabonaſſar, the death of Alexander, the 
Birth of CHRIST, the Arabian Hegira, and the Per- 
fan Yeſdegird : ail which, together with ſeveral 
others of leſs note, have their Beginnings in the 
following Table fixed to the years of the Julian 


Period, to the Age of the World at thoſe times, 


and to the Years before and after the year of 
CarrsT's birth. | 
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A Table of remarkable Aras and Events. 


h ulian [Y.of.he) Before 
er od. World. 
1. The Creation of the World — — 700 © 
2. The Deluge, or Noah's Flood — 42362165002, 
3. The A/jrian Monarchy founded by Nimrod —|2537|1831 
4. The Buth of Abraham _ — —|2714|2008 
5. The Deſtruction of Sodom and Gomorrah — 1281602110 
6. The beginning of the Kingdom of Atbens by Cecrop- 31572451 
7. Maſes receives the Ten Commandments — 322202516 
8. The Entrance of the 1/raelites into Canaan —|3262|2556 
9. The Argonautic Expedition — — 34202714 
10. The Deſtruction of Troy — — — 35042798 
11. The Beginning of King David's Reign — 2365002944 
12. The Foundation of Solomon's Temple = —|3701|2995 
13. Lycurgus forms his excellent Laws — 2382903 103 
14. Arbaces, the firſt Kip g of the Medes - —|3838|3132 
15. Mandaucus, the ſecond = — 38653159 
16. So/armus, the third — — — 39153209 
17. The Beginning of the Olympiads _ =[3938|3232 
18. Attica, the fourth King of the Medes = —|3945}3239 
19. The Catonian Epocha of the building of Rome =—1396113255 
20. 'The Ara of Nabenaſſar = — 39673261 
21, The Deſtruction of Samaria by A 399203286 
22. The firſt Eclipſe of the Moon on Record — 399313287 
23. Cardicta, the fifth King of the Medes. — 39963290 
24. Phraortes, the ſixth — — —4⁰58 3352 
25. Cyaxares, the ſeventh _ -|4080[3374 
26. The firſt Babyloni/h Captivity by Medal 410; 34010 606 
27. The long War ended between the Medes and Yydians 41113405 
28. The ſecond Babyloni/h Captivity, and Birth of Cyrus 41143408 
29. The Deſtruction of Solomon's Temple — — 41251341 
30. Nebuchadnezzar ſtruck with Madneſs _ 241443438 
31. Daniel's Viſion of the four Monaichies — — 415803452 
32. Cyrus begins to reign in the Perſan Empire 4177347 
33. The Battle of Marathon — — 4223035 17 
34. Artaxerxes Longimanus begins to reign — 2424903543 
35. The Beginning of Daaiel's ſeventy Weeks of Years 429603550 
36. The — of the Peloponneſian War — — 42823876 
37. Alexander's Victory at Arbela — 43833677 
38. His Death — — 43903684 
39. The Captivity of 100,000 Jews by King Ptolemy =(4393|3087 
40. The Coloſſus of Rhodes thiown down by 128 
an Earthquake —1449113975 
41. Antiochus defeated by Ptclemy Philopater — 449603790 
42. The famous ARCHIMEDEsS murdered at Syracuſe —|4506|3800 
43. Fajon butchers the Inhabitants of Feruſalem 2454303837 
44. Corinth plundered and burnt by Conſul Mummius 45673801 
| +3. Julius Caſfar in vades Britain — — 46593953 
46. He corrects the Calendar — * | 467713901 
— — 4671 3965 
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| n — |eerion [Won | C. 
48. Herod made King of Juda — — 1467313967] 40 
49+ Anthony defeated at the Battle of Afium — — (68303977 30 
50. Agrippa builds the Pantheon at Rome — — 3082 26 
51. The true ra of CuRIST's Birth — — [4709|4003] 4 
52. The Death of Herod — — — 471044 
After 
: | Chriſt, 
53. The D:ony/ian or vulgar Aira of CarisT's Birth [4713]4007] © 
54. The true year of his Crucifixion _ — 474044 33 
55. The Deſtruction of Jeruſalem — — 4783 4077] 70 
56. Adrien builds the Long Wall in Britain — — 48334127 120 
57. Conſtantius defeats the Pi&s in Britain — — 50194313 306 
58. The Council of Me- — — — 5503804332 325 
59. The Death of Conſtantine the Great ' — — {5050|4344) 337 
bo. The Saxons invited into Britain — — 61580445 2 445 
61. The Arabian Hegira — — — 553354029 622 
62. The Death of Mahommed the pretended Prophet = [534314637] 630 
63. The Perſian Teſdegird — — — 534446380 631 
64. The Sun, Moon, and all the Planets in Libra, 8 186 
Sept. 14, as ſeen from the Earth 5589851930 
by. The Art of Printing diſcovered — — 6153154471440 
66, The Reformation begun by Martin Luther, = — 62 30/5 52415 197 


In fixing the year of the Creation to the 70th Are of the 
year of the Julian Period, which was the 4007th — 
year before the year of CHRIST's Birth, I have fol- 
lowed Mr. Bedford in his Scripture Chronology, 
printed A. D. 1730, and Mr. Kennedy, in a work 
of the ſame kind, printed A. D. 1762. —Mr. Bed- 
ford takes it only for granted that the World was 
created at the time of the Autumnal Equinox; 
but Mr. Kennedy affirms that the ſaid Equinox was 
at the noon of the fourth day of the Creation- 
week, and that the Moon was then 24 hours paſt 
ter Oppoſition to the Sun, —If Moſes had told us 
the ſame things, we ſhould have had ſufficient . 
data for fixing the Ara of the Creation: but, as 
he has been ſilent on theſe points, we muſt con- 
der the beſt accounts of Chronologers as entirely 
hypothetical and uncertain, 
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Taxxx I. Sewing the Golden Number { which is the f 
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ame beth 
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Years leſs 4 an Hundred. 


. 


N by 3 6 « l = % : a Den e 2 * 3 „ CET” bs . _— 
; == N CEP " Fj b _— >. l er i - \ 
* mn " N * 4 = a Pr . 5 R 4 { bf — * p : ' - 2 — = - \ 
< 6 * . A A. . ab " * ' a q my 7 — — Re by” wor by © - * FS: a 2 «- pr Coo 
5 PE 8 a wt 8 * * . 4 tC * * £ — I 8 
. © r 5 n d . * 29 ———— —ͤ—e— 9. 6 x _ — = = l | - 2 ** > ps — —— 
. INES . r — / E cy : es 4 — — * p — — , 4 | 
. * 5 p * — - ; — Aa 4 . — 8 6 * * 5 
„ N N 3 i P - - ” ———ů IE TC IOOY - 2 n 1 * 2 
n ada. ata _— - 4 p . * — —— 2 —— GIA NN IE ˙ TIERED were di a ” _ „ 
* 4 E - ©) nina 1 
tw N 
6 > png, — — — — * b — = 2 


—_ 
PR 
1 
* 

15 

* 

* 1 

. 

yt 

» 

: 

Wy 

2 

»A, 

* 

\ 

. 
54 

lt | 

if 

4 

A 
Lg 

1 
» 
4 
* 
« 
1 

{5 

U 

1 

— 
8 

* 

if 

%* 

4 
I 
* 

[ 

t 

a 
i 

= 

WN 

* 1 

77 

N 

1 

4 

+ 

. 

3 
. 

1 

. 
1 

c a 

8 

F 

4 

43 

< © o 
. 
* 

bY 

. 


. wy | 
— — 9 
p — . 


| 


— Wm 
- Lo ey * 
D N 
1 fc — 
wo — 


| 


100 2000 
200 2100 
300 2200 1 
400 2300 


— — 


| | 


I'S, 


= WJ © 


as at 


— — 
my — 
— 

e 


| ws 


_— 
A | 
QA 
— 


— 


500,2400| 
600 2500 


700.2600 | 
800 2700 


— — 

900 
— wy 
— 


— — 


9002 800 


| e AE 
10002900 
1100 3000 


1300 3200 


— , 


| vs gow IJ N | On - Ol 


| oa 
2 


1200 3 100 


— | 
OW wa 


1400 3 300 


1500 34000 
1600 3500 
1700 3600] 
1800 3700 


28029030 


6 
85 86.8 


— 
— 
— 
tv 


A tw 2 
— — 
A | 


Un Þ OS 


o_| + 
| 
| 


On we oy 


0 
— 


„ bud oa — 
K 88 

9 

OW oOo Den 


12 
17 
3 
8 
13 
1801 
4 
9 
14 
19 


C 


— — — 
SST 


wud 

wt but 

— 

— OO, wy 


Wo + 


O 
— 


pl V_kuy 
0 
© 
E 


15 10 


STA 


Tas:! 


uus AN qi 01 pardepe 51 sIqr J. $14 1, 


110818811 * g115zb 9102811818812 8182 9 
o1]41]rfjo1]+7]E |L1jÞz[o1;l1] forfrerfortet ire 4 
L 6 |[Ez|o£]16 ere ib 97056 eo 9 91iſoSs © 
g e625 1ſ l 168g |5167g fer 8519 7168 q 
% Lſtrſgrſt irc eis gr“ 158 r 14 5188 HJ 
6 © |g ſorſre bp iſo de 8179 or 4 giſorſpeſer Lt 9 88 9 
J 51610880519 6 97/5 61/92/2161 INT 9³5 61 9 Y 
v“! ———————— —— —— —————— 
610810TZT 09 821 11016 8 / 9 's Is e 's i N 


*42117'T 10711110 puv gi. N u2apjot ] (g lvpung 


4 ο Juipuiſ 40 10122941] Ao 4 GUHAT 991 Ju10249 *2x 1Tq4V | | 


TABLE 


- — — = — 2 > « 
— — — "PE — — — 1 —— Rane * ——— — bow 


—ä— — — — — 


n . 
te wc —— — A "n 
— 
Ct n —_— KK „% 2 „ —ͤꝓ—— —— — 2 he 32 - . — Lu — * c — 
: + — * 6 . ä — * —_— - — EO nn CE * b * * £ 4 
__ 4 — — — — _ — 


r r „ ee CES = 5 = 
— 
2 = 


N 
- * LY 
— AY ar bY 


* 
o 
F 
7 
* 
Pp 
= 
ö 
2 
FR: 


I 
. 
V 
1 
% 
44 
2 
1 
11 
4 
N 
1 


I 

#4 
# 
A 
1 
} 


R 1 
to >; LL ot et an I age. ns, 
2 * — — od 


———— —u 
ry — 


= 2 TR 
S $5 


- ——— — 

l us 3 » 
13 n * Mo 
88 ACS hs het 

* ＋ 1 — 
as; = 
+ n K 2 * 
* 1 


Tables of Tine. 


TABLE III. Serving the Dominical Letters, 0¹ 
Stile, for 4200 Years before the Chriſtian Ara. 

Bef. Chrilt.| | 5 Hundreds of Vears. 

| | 0. 100 200] 300| 400 500} 600 
| | 700}j'800 Yyooj1000]1 100 120011300 

Years leſs 1400{1500 1600/1700|1800|1g00[2000 
than an [2100 2200|2300|2400|2500|2600|2700 
Hundred. 2800 2900 3000[31”©[3 200|3 300]: 

| 3500 2 z3800[3900|4000 
e CC BB AA GG FF E 

129 57850[ E D C | B AG 
2 3058 8060 FE E DDC IBA 
331059877 F E DOD CCB 
432 C0 88 B AfA GG FHF EINE DD C 
933689 GEA F 
63402 90 DCC BAG IF 
7135/53/91] W 

| TA FHF EE DD CIC BIB A 

| 93765 ane e 
1003866 94 B A G F E D 

11039 %% PCW B AGF E 

12 40 68/g96]E DID CC BIB AA GG F 

134 69%% F [EB DCI B AIG 
14427008 G | F 1 

1543071 99 r 
104472 C BB AA GIG FF EE DD C 
174573 D 8 T 
184074 r 
194775 1 
20 45 %% A GO FF EE DID CC BIB A 
214977 N JC 
e G F 38 

23 51129 JJ 
24 52 8 f EE DID CC BIB AA GG F 
2 53080 Erne 
30,5 4162 AIJGITITIEIDI1CHTE 
2zis5/83] 1 BI Aſ[G]F|E]}D]C 
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TABLE IV. Shewing the Dominicul Letters, Old | 
Stile, for 4200 Years after the Chriſtian Ara. 
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After Chr. Hundreds of Years, 
| of 160] 200 300] 400. 500 600 
700] Soo gooſioo0|1100]12co|1 300 
Years leſs 1400.1 50011600] 170c|1800|190c|:000 
than an |2100]z200]2300|2400|2500|260c|2700 
Hundred. 2800[2:900| 3000; 3100] 3 2003 30003400 
3 500[3600[3700|3800| 3900|4000[4 100 
0028 5604 D CIE DIF EG FA GIB Ac B 
12905785 ee FRET WIA 
23005808 A|B[C|D|E{|F]G 
3315987} GIA[BIC|D|E]F 
4/32j60/88|F EG FIA GB AC BD CIE D 
933061089 DEI WETS vo 
| 7335/53'91| BiCFD]} EFF & FA 
$/36104\92'A GB AC BIC DE D/P: EG F 
7555 FIGIATEFEI PLE 
10 38056 94 ELF [G|A]TB{C|]D 
1139% 7% DEF G ATB IC 
1240/08 96 CO BID CE DF EG FA kj A 
n . coor {ane 
ee 2131 LE | G 
1442 70 ATB E 
15/43/71 99 110 a B C 1 
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M f ann | ofa PERTH? Tenet 
17.45/73] [CIDFELF{|G|] AP] B 
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2 ya 12 GB AC BD CE DIF E 
e nn e e Þ moos | pong IE ee 
214977 | FIG LY 
22\50|78 Dj EF |S | 8 | C 
35179 CiD|E | i, | A 3 | 
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Trae V. The Bee Letter, 
| New Stile, for 4000 Years after 
the Chriftian Mra. 


After Chr.| Hundreds of Years, 


1 


Years leſs 
than an 


Hundred. 
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TabLE VI. Shewing the Days of the Months, on 
both Stiles, by the Dominical Letters. 
| Week Days. [a EC DEF 
IKEAD EL SSRE 
i 8] g | 10] 1+j 12} 23 128 
January 31 tc (346 | 17 | 18 |] 3g. | 20 | 22 
October 31 "| 22 | 23 | 24 | 25 | 26 | 27 28 
| 29 | 3O | 3I — chage — 
ie 1344 
. $3} B+ 901 ©} 36" 
Feb. 28-29 12 | 13 | 14 | 15 | 16 | 17 | 18 | 
March 31 19 20 j 21 | 22 | 23 | 24 | 25 | 
November 3o| 26 27 | 28 | 2g 30 31 {-— 
*| $] 4441} £1 24 0 
9 | 10 | 134 þ-1a-1 2g | 84-88 
April 30 | 10] 17 | 18] 19] 20| 21 | 22 | 
July 31 23 | 24 | 23 „ [25 | 29} 
rr ß 
—— {3} 5 
| 6] +| $] @[1o [21 | 22] 
Jes 13} 146 [316 ies 
Auguſt 31 20 | 21 | 22 | 23 | 24 | 25 26 
| 27 28 | 29 | 3o | Jl | —|—— 
— — ——— — D 1 2 
ZE 7j-$1 89 
| 10 16 % } TI. 
September 30] 17 | 18 19 20 | 21 , 22 | 23 | 
December 31 | 24 | 25 26 | 27 | 28 | 29 30 
| 31 — | — 
WE ES... 
7 | 68 qo 26 11t | 12+ 83 | 
| Iz | 16 | 10} 23496. | 196.4. 2007 
May 31 2+ | 22 { % „„ 
28 | 29 | 30 | 31 |— 
— ww we xx ̃ ̃ ‚˙˙˙ 
4 ů &] 0 4 207 
WIE ESE SR EE 
June 30 8 | 19 | 20 | 3&4 22 | £3 þ 26 | 
5 25 1 2627 | 28 264 $2.1: 
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RERY, 


The Sun, 


The Eclip- 
Lic, 


Merc urys 


Venus. 


The Onnery deſeribed, 


CHAP. XXII. 


A Deſcriptiom of the Aſtronomical Machinery ſerving 


to explain and illuſtrate the foregoing part of this 
Treatiſe. | 


397. HE ORRERVY. This Machine ſhews the 
Motions of the Sun, Mercury, Venus, 
Earth, and Moon, and occaſionally, the ſuperior 
Planets, Mars, Jupiter, and Saturn, may be put 
on; Jupiter's four Satellites are moved round him 
in their proper times by a ſmall winch; and 82. 
turn has his five Satellites, and his Ring, which 
keeps its Paralleliſm round the Sun; and bya 
Lamp put in the Sun's place, the Ring ſhews all 
the Phaſes deſcribed in the 204th Article, 
In the Center, No. 1, repreſents the Sun, ſup- 
ported by its Axis inclining almoſt 3 Degrees 


from the Axis of the Ecliptic; and turning round 


in 231 days on its Axis, of which the North Pole 
inclines toward the 8th Degree of Piſces in the 
great Ecliptic (No. 11.), whereon the months and 


Days are engraven over the Signs and Degrees in 
which the Sun appears, as ſeen from the Earth, on 


the different days of the year. 

The neareſt Planet (No. 2.) to the Sun is Mer 
cury, which goes round him in 87 days 23 hours, 
or 8722 diurnal rotations of the Earth; but has 
no Motion round its Axis in the Machine, becauſe 
the time of its diurnal Motion in the Heavens 1 
not known to us. | 

The next Planet in order is Venus (No. 3.) which 
performs her annual courſe in 224 days 17 hours; 
and turns round her Axis in 24 days 8 hours, ot 
in 24+ diurnal rotations of the Earth, Her Axis 


inclines 75 Degrees from the Axis of the Ecliptic, 
and her North Pole inclines toward the 20th De- 


gree of Aquarius, according to the obſcrvations0! 
Bianchini, 


The Orxery deſcribed, 


gianchini. She ſhews all the Phenomena deſcribed 
from the 3oth to the 44th Article in Chap. I. 


(No. 4.) which turns round its Axis, to any fixed 
point at a great diſtance, in 23 hours 56 minutes 
; ſeconds, of mean ſolar time (F 221, & /eg.) but 
from the Sun to the Sun again in 24 hours of the 
ſame time. No. 6. is a ſydereal Dial- plate under 
the Earth; and No. 7. a ſolar Dial-plate on the 
cover of the Machine. The Index of the former 
ſhews ſydereal, and of the latter, ſolar time; and 
hence, the former Index gains one entire revolu- 
tion on the latter every year, as 365 ſolar or natu- 
ral days contain 366 ſydereal days, or apparent re- 
volutions of the Stars. In the time that the Earth 
makes 365 f diurnal rotations on its Axis, it goes 
once round the Sun in the Plane of the Ecliptic; 
and always keeps oppoſite to a moving Index 
(No. 10.) which ſhews the Sun's apparent daily 
change of place, aud alſo the days of the months. 

The Earth is half covered with a black cap, for 
dividing the apparently enlightened half next the 
Sun from the other half, which when turned away 
om him is in the dark. The edge of the cap re- 
preſents the Circle bounding Light and Darkneſs, and 
ſhews at what time the Sun riſes and ſets to all 
places throughout the year. The Earth's Axis in- 
clines 234 Degrees from the Axis of the Ecliptic, 
the North Pole inclines toward the beginning of 
Cancer, and keeps its Paralleliſm throughout its 
annual Courſe, & 48, 202; ſo that in Summer the 


dun, and in Winter from him; by which means 
ch different lengths of days and nights, and the 
5; aue of the various ſeaſons, are demonſtrated to 
of aht. | 
xis There is a broad Horizon, to the upper ſide of 
ic, liche is fixed a Meridian ſemicircle in the North 
be- Nd South Points, graduated on both ſides from 
softe Horizon to oe in the Zenith, or vertical Point. 


D d The 


Next without the Orbit of Venus is the Earth, The Earthy 


ſarcthern parts of the Earth incline toward the 
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' The Onneny deſcribed. 


The edge of the Horizon is graduated from the [ 
Eaſt and Weſt to the South and North Points, and a 

within theſe Diviſions are the Points of the Com. b 

paſs, From the lower fide of this thin Horizon. * 

late ſtand out four ſmall Wires, to which is fixed in 

a Twilight- circle, 18 Degrees from the graduated N 

fide of the Horizon all round. This Horizon fie 
may be put upon the Earth (when the cap is taken pl; 
away) and rectified to the Latitude of any place: ab 

and then, by a ſmall Wire called the Solar Ray, ye: 

which may be put on ſo as to proceed directly from the 

the Sun's Center toward the Earth's, but to come (w 

no farther than almoſt to touch the Horizon, The Mz 


beginning of Twilight, time of Sun-rifing, with tim 
his Amplitude, Meridian Altitude, Time of Set- No 
ting, Amplitude then, and End of Twilight, are at! 
ſhewn for every day of the year, at hat place to the 


which the Horizon is rectified. whe 


The Moon, ä 


| TheNodee, The Moon's orbit (No. 9.) is inclined to the 


The Moon (No. 5.) goes round the Earth, from WW ther 
between it and any fixed point at a great diſtance, ¶ ecli; 
in 27 days 7 hours 43 minutes, or through all the 
Signs and Degrees of her Orbit; which is called 
her Periodical Revolution; but ſhe goes round from 
the Sun to the Sun again, or from Change to 
Change, in 29. days 12 hours 45 minutes, which 
is her Synodical Revolution; and in that time ſhe ei- 


hibits all the Phaſes already deſcribed, § 255. elthe; 

When the above-mentioned Horizon is rectified Wi «clip; 
to the Latitude of any given place, the Times of lat! 
the Moon's riſing and ſetting, together with her (No. 
Amplitude, are ſhewn to that place as well as the n In. 
Sun's ; and all the various Phenomena of the Har Aſe 
veſt-Moon, § 273, & ſeg. are made obvious 0 MF ticæ 
ſight. Larth 


Ecliptic (No. 11.), one half being above, and ide Wthem, 
other below it. The Nodes or Points at o and hen 
lie in the Plane of the Ecliptic, as deſcribed $317 44 E, 
318, and ſhift backward through all its Signs and they co 
Degrees in 183 years. The Degrees of the Moon BG: Eb. 


Latitude, 


The ORRERI deſcribed. 


Latitude, to the higheſt at NL (North Latitude) 
and loweſt at S L (South Latitude), are engraven 
both ways from her Nodes at o and ©; and, as the 
Moon riſes and falls in her Orbit according to its 
inclination, her Latitude and Diſtance from her 
Nodes are ſhewn for every day; having firſt recti- 
fed her Orbit fo as to ſet the Nodes to their proper 
places in the Ecliptic: and then, as they come 
about at different, and almoſt oppoſite, times of the 
year, F 319, and point twice toward the Sun, all 
the Eclipſes may be ſhewn for hundreds of years 
(without any new rectification) by turning the 
Machinery backward for time paſt, or forward for 
time to come, At 17 Degrees diſtance from each 
Node, on both ſides is engraven a ſmall Sun; and 
at 12 Degrees diſtance, a ſmall Moon; which ſhew 
the limits of ſolar and lunar Eclipſes, $ 317 : and 
when, at any change, the Moon falls between ei- 
ther of theſe Suns and the Node, the Sun will be 
eclipſed on the day pointed to by the Annual Index 
No. 10.); and as the Moon has then North or South 
Latitude, one may eaſily judge whether that 
Eclipſe will be viſible in the Northern or Southern 
Hemiſphere ; eſpecially as the Earth's Axis in- 
clines toward the Sun or from him at that time, 
And when, at any Full, the Moon falls between 
either of the little Moons and Node, ſhe will be 
eclipſed, and the Annual-Index ſhews the day of 
that Eclipſe. There is a Circle of 294 equal parts 
(No. 8.) on the cover of the Machine, on which 
an Index ſhews the days of the Moon's age. 


karth, and the forked part F upon the Moon, 
news the tides as the Earth turns round within 
them, and they are led round it by the Moon, 


ben the different places come to the ſemi-ellipſis 
ME B, they have Tides of Flood; and when 
and ey come to the ſemi-circle CED, they have Tides 


Ebb, $ 304, 305; the Index on the Hour- 
Dd 2 Circle 
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A ſemi-ellipſis and ſemi- cirele are fixed to an el- P LATE 
ptical ring, which being put like a cap upon the Pi. x, 
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The ORRERY deſcribed, | 
Circle (No. 7.) ſhewing the times of theſe Phe- 


nomena. 
There is a jointed Wire, of which one end be. 
ing put into a hole in the upright ſtem that holds 
the Earth's cap, and the Wire laid into a ſmall 
forked piece which may be occaſionally put upon 
Venus or Mercury, ſhews the direct and retrograde 
Motions of theſe two Planets, with their ſtation. | 
ary Times and Places as ſeen from the Earth, 
The whole Machinery 1s turned by a winch or 
handle (No. 12.), and is ſo eafily moved, that a 
clock may turn it without any danger of ſtopping, 
To give a Plate of the wheel-work of this Ma- 
chine would anſwer no purpoſe, becauſe many of 
the wheels lie ſo behind others, as to hide them 
from ſight in any view whatever. 


Another 398. Another OxRERY. In this Machine, which 
is the ſimpleſt I ever ſaw, for ſhewing the diurnal 
PLATE and annual motions of the Earth, together with 
Fie. . the motion of the Moon and her Nodes, A and B 
are two oblong ſquare plates held together by four 
upright pillars; of which three appear at }, y, 
and g 2, Under the Plate A is an endleſs ſcrew on 
the Axis of the handle h, which works in a wheel 
fixed on the ſame Axis with the double-grooved 
wheel E; and on the top of this Axis is fixed the 
toothed wheel i, which turns the pinion &, on the 
top of whoſe Axis is the pinion & 2 which turns 
another pinion 5 2, and that turns a third, which 
being fixed on à 2, the Axis of the Earth U, turns 
it round, and the Earth with it: this laſt Axis in- 
clines in an angle of 23+ Degrees. The ſupporter 
Y 2, in which the Axis of the Earth turns, is fixed 
to the moveable Plate C. 

In the fixed Plate B, beyond H, is fixed the 
ſtrong wire d, on which hangs the Sun 7, ſo as it 
may turn round the wire. To this Sun is fixed the 
wire or ſolar ray Z, which (as the Earth turns 
round its Axis) points to all the places that the 


Sun palles vertically over, every day of the * 


8 3 0 
51 
5 b. "3% 1 7 
135 
4 * = 
PC. b 


The OkRERVY deſcribed. 


The Earth is half covered with a black cap a, as 
in the former Orrery, for dividing the day from 
the night; and, as the different places come out 
from below the edge of the cap, or go in below 
it, they ſhew the times of Sun-riſing and ſetting 
every day of the year. This cap 1s fixed on the 
wire 6, which has a forked piece C turning round 
the wire 4: and, as the Earth goes round the Sun 
it carries the Cap, Wire, and ſolar Ray round him; 
ſo that the ſolar Ray conſtantly points toward the 
Earth's Center. 
On the Axis of the pinion & is the pinion , 
which turns a wheel on the cock or ſupporter z, 
and on the Axis of this wheel neareſt z is a pinion 
(hid from view) under the plate C, which pinion 
turns a wheel that carries the Moon 7 round the 
Earth U; the Moon's Axis riſing and falling in 
the ſocket W, whichis fixed to the triangular piece 
above Z; and this piece is fixed to the top of the 
Axis of the laſt- mentioned wheel. The ſocket // 
is ſlit on the outermoſt ſide; and in this ſlit the 
two pins near Z, fixed in the Moon's Axis, move 
vp and down; one of them being above the in- 
clined Plane YA; and the other below it. By this 
mechaniſm, the Moon moves round the Earth 
Tin the inclined Orbit 3, parallel to the Plane of 
the King TA; of which the Deſcending Node is 
a A, and the Aſcending Node oppoſite to it, but 
ud by the ſupporter A 2. 

The ſmall wheel E turns the large wheels D and 
F, of equal diameters, by cat-gut ſtrings croſſing 


are cranked at G and H, above the Plate B. The 
vpright ſtems of theſe cranks going through the 
"late C, carry it over and over the fixed Plate B, 
with a motion which carries the Earth Uround the 
don T, keeping the Earth's Axis always parallel 
0 1tielf, or ſtill incliniag toward the left hand of 
the plate; and ſhewing the viciſſitudes of ſeaſons, 
« delcribed in the tenth chapter, As the Earth 


Wes goes 


1 
rn 


between them: and the Axes of theſe two wheels 
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goes round the Sun, the pinion & goes round the 
wheel i, for the Axis of & never touches the fixed 
Plate B, but turns on a wire fixed into the Plate (. 
On the top of the crank G 1s an Index L, which 
goes round the Circle 2 in the time that the 
Earth goes round the Sun, and points to the days 
of the months; which together with the names of 

the ſeaſons, are marked in this Circle. 
This Index has a ſmall grooved wheel L fixed 
upon it, round which, and the Plate E, goes a cat. 
| gut ſtring croſſing between them; and by this 
* means the Moon's inclined Plane 7 X, with its 
Nodes, 1s turned backward, for ſhewing the times 

and returns of Eclipſes, S 310. 320. 

The following parts of this machine muſt be 
_— as diſtinct from thoſe already deſcrib- 
ed. | | 

Toward the right hand, let & be the Earth 
hung on the wire e, which is fixed into the Plate 
B; and let O be the Moon fixed on the Axis M. 
and turning round within the cap P, in which, and 
in the Plate C, the crooked wire Q 1s fixed. On 
the Axis M is alſo fixed the Index K, which goes 
round a Circle h 2, divided into 291 equal parts, 
which are the days of the Moon's age: but to 
avoid confuſion in the ſcheme, it is only marked 
with the numeral figures 1 2 34, for the Quarters, 
As the crank H carries this Moon round the Earth 
& in the Orbit t, ſhe ſhews all her Phaſes by means 
of the cap P for the different days of her age, 
which are ſhewn by the Index K; this Index 
turning juſt as the Mcon O does, demonſtrates 
her turning round her Axis, as ſhe ſtill keeps thc 
ſame fide toward the Earth S, § 262. 

At the other end of the Plate C, a Moon YN gots 
round an Earth Rin the Orbit p. But this Moon's 
Axis is ſtuck faſt into the Plate C at & 2, fo that 
neither Moon nor Axis can turn round; and 35 
this Moon goes round her Earth, ſhe ſhews her(cl! 
all round to it; which proves, that if the Moor 
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The CALCULATOR dz/cribed, 


was ſeen all round from the Earth in a Lunation, 
ſhe could not turn round her Axis. | 

N. B. If there were only the two Wheels D 
and F, with a cat-gut ſtring over them, but not 
croſſing between them, the Axis of the Earth U 
would keep its Paralleliſm round the Sun T, and 
ſhew all the ſeaſons; as I ſometimes make theſe 
Machines; and the Moon O would go round the 
Earth $, ſhewing her Phaſes as above; as like- 
wiſe would the Moon N round the Earth R; but 
then, neither could the diurnal motion of the 
Earth U on its Axis be ſhewn, nor the Motion of 
the Moon round the Earth. 


399. In the year 1746 I contrived a very ſimple 
Machine, and deſcribed its performance in a ſmall 
Treatiſe upon the Phenomena of the Harveſt- 
Moon, publiſhed in the year 1747. I improved 
it ſoon after, by adding another wheel, and called 
it The Calculator, It may be eaſily made by any 
Gentleman who has a mechanical Genius. 

The great flat Ring ſupported by twelve pillars, 
and on which the twelve Signs with their reſpective 
Degrees are laid down, is the Ecliptic ; nearly in 
the center of it is the Sun S, ſupported by the ſtrong 
crooked Wire J; and from the Sun proceeds a 
Wire /, called the Solar Ray, pointing toward the 
center of the Earth E, which is furniſhed with a 
moveable Horizon H, together with a brazen Me- 
ridian, and Quadrant of Altitude. R 1s a ſmall 
Ecliptic, whoſe Plane coincides with that of the 
great one, and has the like Signs and Degrees 


marked upon it; and is ſupported by two Wires 


Dand D, which are put into thePlate PP, but may 
be taken off at pleaſure. As the Earth goes round 
the Sun, the Signs of this ſmall Circle keep paral- 
el to themſelves, and to thoſe of the great Eclip- 
tic, When it is taken off, and the ſolar Ray V, 
drawn farther out, fo as almoſt to touch the Hori- 
z0n I, or the Quadrant of Altitude, the Horizon 

D d4 being 
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The CALCULATOR deſcribed. 


being rectified to any given Latitude, and the Earth 


turned round its Axis by hand, the point of the 
Wire # ſhews the Sun's Declination in paſſing over 
the graduated braſs Meridian, and his height at 
any given time upon the Quadrant of Altitude, to. 
gether with his Azimuth, or point of bearing up. 
on the Horizon at that time; and likewiſe his Am. 
plitude, and time of riſing and ſetting by the Hour. 
Index, for any day of the year that the Annual-1n. 
dex U points to in the Circle of Months below the 
Sun. Mis a Solar-Index or Pointer ſupported by 
the wire L, which is fixed into the knob K: the 


uſe of this Index is to ſhew the Sun's place in the 


Ecliptic every day in the year; for it goes over 
the Signs and Degrees as the Index U goes over 


the Months and Days; or rather, as they paſs un. 


der the Index U, in moving the cover-plate with 
the Earth and its Furniture round the Sun; for 
the Index Lis fixed tight on the immoveable Axis 
in the Center of the Machine. K is a knob or 
handle for moving the Earth round the Sun, and 
the Moon round the Earth. 

As the Earth 1s carried round the Sun, its Axis 
conſtantly keeps the ſame oblique direction, or 
parallel to itſelf, $ 48, 202, ſhewing thereby the 
different lengths of days and nights at different 
times of the year, with all the various ſcaſons. 
And, in one annual revolution of the Earth, the 
Moon M goes 123 times round it from Change to 
Change, having an occaſional proviſion for ſhew- 
ing her different Phaſes, The lower end of the 
Moon's Axis bears by a ſmall friction-wheel upon 
the-inclined Plane T, which cauſes the Moon to 
riſe above and fink below the Ecliptic R in every 
Lunation; croſſing it in her Nodes, which ſhift 


| backward through all the Signs and Degrees of the 
ſaid Ecliptic, by the retrograde motion of the in- 


clined Plane 7, in 18 years and 225 days. On 
this Plane the Degrees and Parts of the Moons 
North and South Latitude are laid down from both 


13 the 
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the Nodes, one of witkh, viz. the Deſcending 
Node, appears at o, by D N above B; the other 
Node being hid from Sight on this Plane by the 
Plate PP; and from both Nodes, at proper diſ- 
tances, as in the other Orrery, the limits of Eclip- 
ſes are marked, and all the ſolar and lunar Eclipſes 
are ſhewn in the ſame manner, for any given year 
within the limits of 6000, either before or after the 
Chriſtian Æra. On the plate that covers the wheel- 
work, under the Sun S, and round the knob KX, 
are Aſtronomical Tables, by which the Machine 
may be rectified to the beginning of any given year 
within theſe limits, in three or four minutes of time; 
and when once ſet right, may be turned backward 
for 300 years paſt, or forward for as many to come, 
without requiring any new rectification. There is 
a method for its adding up the 29th of February 
every fourth year, and allowing only 28 days to 
that month for every other three; but all this be- 
ing performed by a particular manner of cutting 
the teeth of the Wheels, and dividing the Month- 
Circle, too long and intricate to be deſcribed here, 
[| ſhall only ſhew how theſe motions may be per- 
formed near enough for common uſe, by wheels 
with grooves and cat-gut ſtrings round them; only 
here I muſt put the Operator in mind, that the 
grooves are to be made ſharp (not round) bottom- 
ed, to keep the ſtrings from ſlipping. 

The Moon's Axis moves up and down in the 
ſocket N fixed into the bar O (which carries her 
round the Earth) as ſhe riſes above or ſinks below 
the Ecliptic ; and immediately below the inclined: 
Plane T 1s a flat circular plate (between YandT) 
on which the different Eccentricities of the Moon's 
Orbit are laid down: and likewiſe her mean Ano- 
maly and elliptic Equation, by which her true 
Place may be very nearly found at any time, Be- 
low this Apogee-plate, which ſhews the Anomaly, 
Cc, is a Circle I divided into 291 equal parts, 

| which 
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which are the days of ti Moon's age: and the 
forked end A of the Index A B (Fig. II.) may be 
put into the Apogee: part of this plate ; there be. 
ing juſt ſuch another index to put into the inclined 
Plane T at the Aſcending Node: and then the 
curved points B of theſe Indexes ſhew the dire& 


Motion of the Apogee, and retrograde Motion of | 


the Nodes through the Ecliptic R, with their 


Places in it at any given time. As the Moon M4 


es round the Earth E, ſhe ſhews her Place every 
day in the Ecliptic R, and the lower end of her 
Axis ſhews her Latitude and Diſtance from her 
Node on the inclined Plane T, alſo her Diſtance 
from her Apogee and Perigee, together with her 
mean Anomaly, the then Eccentricity of her Or- 
bit, and her elliptic Equation, all on the Apogee- 


plate, and the Day of her Age in the Circle 7 of | 


294 equal parts; for every day of the year pointed 


out by the Annual Index Vin the Circle of Months. 
Having rectified the Machine by the Tables for 
the beginning of any year, move the Earth and 
Moon forward by the Knob KX, until the Annual | 
Index comes to any given day of the month, then 
ſtop, and not only all the above Phenomena may | 
be ſhewn for that day, but alſo, by turning the | 


Earth round its Axis, the Declination, Azimuth, 


Amplitude, Altitude of the Moon at any hour, 


and the Times of her riſing and ſetting, are ſhewn 
by the Horizon, Quadrant of Altitude, and Hour- 
Index. And in moving the Earth round the Sun, 


the days of all the Newand Full Moons and Eclip- | 
ſes in any given year are ſhewn. The Phenomena | 


of the Harveſt-Moon, and thoſe of the Tides, by 
luch a cap as that in Plate IX. Fig. 10. put upon 
the Earth and Moon, together with the ſolution of 
many problems not here related, are made con- 
{p1Cu0Uus. 

The eaſieſt, though nor the beſt way, that I can 


iufttuct any mechanical perſon to make the w_ 
| | wor 


fixed 

Earth 
cauſe, 
war 
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work of ſuch a machine, is as follows : which is 
the way that I made it, before I thought of num- 
bers exact enough to make it worth the trouble of 
cutting teeth in the wheels. | 


Fig. 3d of Plate VIII. is a ſection of this Ma- 
chine, in which ABCD is a frame of wood held to- 
gether by four pillars at the corners; two of which 
appear at AC and BD. In the lower Plate CD 
of this frame are three ſmall friction-wheels, at 


equal diſtances from each other; two of them ap- 


pearing at e and e. As the frame is moved round, 
theſe wheels run upon the fixed bottom Plate E E, 
which ſupports the whole work. 

In the center of this laſt-mentioned Plate is fixed 
the upright Axis GFFf, and on the ſame Axis is 
fixed the Wheel HHH, in which are four Grooves, 
IX, X, L, of different diameters. In theſe Grooves 
are cat- gut ſtrings going alſo round the ſeparate 
Wheels M, N, O, and P. 

The Wheel M is fixed on a ſolid Spindle or Axis 
the lower pivot of which turns at R in the under 
Plate of the moveable frame A5 CD; and on the 
upper end of this Axis is fixed the Plate o o (which 
is P P, under the Earth, in Fig. 1.), and to this 
Plate is fixed, at an Angle of 234 Degrees incli- 
nation; the Dial-plate below the Earth 7; on the 
Axis of which, the Index 9 is turned round by the 
Earth. This Axis, together with the Wheel 27, 
and Plate oo, keep their Paralleliſm in going round 
the Sun &. 

On the Axis of the Wheel M 1s a moveable 
ſocket, on which the ſmall wheel JN is fixed, and 
on the upper end of this ſocket is put on tight (but 
lo as it may be occaſionally turned by hand) the 
bar ZZ; (viz. the bar O in Fig, 1.) which carries 
the Moon n round the Farth 7 by the ſocket u, 
axed into the bar. As the Moon goes round the 
Earth, her Axis riſes and falls in the ſocket z ; be- 
caule, on the lower end of her Axis, which is turned 
Inward, there is a ſmall friction Wheel s running 


on 
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The CALCvLATOAR deſcribed. 


on the inclined Plane X (which isT in Fig. 1.) and 
ſo cauſes the Moon alternately to riſe above and 
ſink below the little Ecliptic (& in Fig. 1.) in 
every Lunation. | 
On the ſocket or hollow axis of the Wheel N, 
there is another ſocket, on which the Wheel O is 
fixed; and the Moon's inclined Plane & is put 
tightly on the upper end of this ſocket, not on a 


ſquare, but on a round, that it may be occaſionally. 


ſet by hand withoutwrenching the Wheel or Axle, 
Luaſtly, on the hollow Axis of the Wheel 0 is 
another ſocket, on which is fixed the W heel P, and 
on the upper end of this ſocket is put on tightly 
the Apogee-plate 7 (that immediately belowT in 
Fig. 1.). All theſe Axles turn in the upper Plate 
of the moveable frame at 2; which Plate is co- 
vered with the thin Plate c c (ſcrewed to it) where- 
on are the fore-mentioned Tables and Month- 


Circle in Fig. 1. | 


The.middle part of the thick fixed Wheel HHH 
is much broader than the reſt of it, and comes out 
between the Wheels M and O almoſt to the Wheel 
N. To adjuſt the diameters of the Grooves of this 
fixed Wheel to the Grooves of the ſeparate W heels 
M, N, O, and P, ſo as they may perform their mo- 
tions in the proper times, the following method 
muſt be obſerved. 


The Groove of the Wheel M. which keeps the | 
Paralleliſm of the Earth's Axis, muſt be preciſely 


of the ſame Diameter as the lower Groove Jof the 
fixed Wheel HHH; but, when this Groove is ſo 


well adjuſted as to ſhew, that in ever ſo many an- 


nual revolutions of the Earth, its Axis keeps its 
Paralleliſm, as may be obſerved by the ſolar Ray 
WW (Fig. 1.) always coming preciſely to the ſame 
Degree of the ſmall Ecliptic & at the end of every 
annual revolution, when the Index M points to the 
like Degree in the great Ecliptic; then, with the 
edge of a thin File, give the Groove of the Whet! 
Ma imall rub ail round, and, by that means lef- 

| ſening 
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ſening the Diameter of the Grove perhaps about 
the 20th part of a hair's breadth, it will cauſe the 
Earth to ſhew the preceſſion of the Equinoxes ; 
which, in many annual revolutions, will begin to 
be ſenſible, as the Earth's Axis deviates ſlowly from 
its Paralleliſm, $ 246, toward the antecedent Signs 
of the Ecliptic. | 

The Diameter of the Groove of the Wheel N, 
which carries the Moon round the Earth, muſt be 
to the Diameter of the Groove A, as a Lunation 
is to a year, that is, as 294 to 3651. 

The Diameter of the Groove of the Wheel O, 
which turns the inclined Plane X with the Moon's 
Nodes backward, mult be to the Diameter of the 
Groove &, as 20 to 183535, And, 

Laſtly, the Diameter of the Groove of the Wheel 
P, which carries the Moon's Apogee forward, mult 
be to the Diameter of the Groove L, as 70 to 62. 

But after all this nice adjuſtment of the Grooves 
tothe proportional times of theirreſpective W heels 
turning round; and which ſeems to promiſe very 
well in Theory, there will ſtill be found a neceſ- 
ity of a farther adjuſtment by hand; becauſe pro- 
per allowance mult be made for the Diameters of 
the cat-gut ſtrings: and the Grooves mult be ſo 
adjuſted by hand, as, that in the time the Earth is 
moved once round the Sun, the Moon mult per- 
form 12 ſynodical revolutions round the Earth, and 
be almoſt 11 days old in her 13th revolution. The 
inclined Plane with its Nodes muſt go once round 
dackward through all the Signs and Degrees of the 
imall Eclipticin 18 annual revolutions of the Earth, 
and 225 days over. And the Apogee-plate muſt 
20 once round forward, ſo as its Index may go 
over all the Signs and Degrees of the ſmall Eclip- 
UC in eight years (or ſo many annual revolutions 
of the Karth) and 312 days over. 

N. B. The ſtring which goes round the Grooves 
Wand A for the Moon's Motion mult croſs be- 
'ween theſe wheels; but all the reſt of the ſtrings 
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TARIUMNL, 


PLATE 
IV. 


Fig. IV. 


go in their reſpective Grooves, IM, æ O, and L P, 


The COMETARIUM deſcribed, 


without croſſing. 


4co. The ComeTarRiuM. This curious Ma. 
chine ſhews the Motion of a Comet, or eccentric 
Body, moving round the Sun, deſcribing equal 
areas in equal times, & 15 2, and may be ſo contrived 
as to ſhew ſuch a Motion for any Degree of Eccen- 
tricity. It was invented by the late Dr. Drsa- 
GULIERS. 

The dark elliptical Groove round the letters 
abcdefghiklim 1s the Orbit of the Comet Y: this 
Comet is carried round in the Groove, according 
to the order of letters, by the Wire fixed in the 
Sun &, and ſlides on the Wire as it approaches 
nearer to or recedes farther from the Sun, being 
neareſt of all in the Perihelion a, and fartheſt in 
the Aphelion g. The areas 4 S &, 5 Sc, c84, &c. 


or contents of theſe ſeveral Triangles, are all equal: 


and in every turn of the Winch N the Comet is 
carried over one of theſe areas: conſequently in as 
much time as it moves from F to g, or from g to b, 
it moves from to a, or from à to 5; and ſoot | 
the reſt, being quickeſt of all at a, and ſloweſt at g. 
Thus, the Comet's velocity in its Orbit continvally 
decreaſes from the Perihelion @ to the Aphelion g; 
and increaſes in the ſame proportion from g to a. 

Theelliptic Orbit is divided into 12equal Parts 
or Signs, with their reſpective degrees, and ſo 1s 
the Circle nopgrstn, which repreſents a great 
Circle in the Heavens, and to which the Comet's | 
motion is referred by a ſmall knob on the point of | 
the Wire V. While the Comet moves fromftog | 


in its Orbit, it appears to move only about five 


degrees in this Circle, as is ſhewn by the ſmall knov 
on the end of the Wire ; but in the like time, 


as the Comet moves from mn to à, or from a tob, 


it appears to deſcribe the large ſpace f or n0'l | 
the Heavens, either of which ſpaces contains 120 


Degrees, or four Signs. Were the Eccentricity 
0 


: 
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The ComETARIUM deſcribed. 


of its Orbit greater, the greater ſtill would be the 
difference of its motion, and vice ver/a. | 
ABCDEFGHIKLMA is a circular Orbit for 
ſhewing the equal Motion of a body round the 
Sun &, deicribing equal Areas ASB, BSC, &c. in 
equal times with thoſe of the Body Zn its elliptical 
Orbit above-mentioned ; but with this difference, 
that the circular motion deſcribes the equal Arcs 
AB, BC, &c. in the ſame equal times that the ellip- 
tical Motion deſcribes the unequal Arcs 4%, bc, &c. 
Now, ſuppoſe the two Bodies Fand 1 to ſtart 


from the Points a and A at the ſame moment of 


time, and each having gone round its reſpective 
Orbit, to arrive at thele Points again at the ſame 
inſtant, the Body Y will be forwarder in its Orbit 


than the Body 1 all the way from à to g, and from 


Ato G; but 1 will be forwarder than 7 through 
all the other half of the Orbit; and the difference 
s equal to the Equation of the Body 7 in its Or- 
bit. At the points a, 4, and g, G, that is, in the 


Perthelion and Aphelion, they will be equal; and 


then the Equation vaniſhes. This ſhews why the 
Equation of a body moving in an elliptic Orbit, is 
added to the mean or ſuppoſed circular Motion 
irem the Perihelion to the Aphelion, and ſub- 
ated from the Aphelion to the Perihelion, in 
Bodies moving round the Sun, or from the Peri— 
gte to the Apogee, and from the Apogee to the 
Ferigee in the Moon's Motion round the Earth, 
xcording to the Precepts in the 353d Article; 
only we are to conſider, that when «Motion is 


turned into Time, it reverſes the titles in the 


lable of The Moon's elliptic Equation. 

This Motion is performed in the following man- 
ner by the machine. - ABC is a wooden bar (in 
the box containing the wheel-work) above which 
me the Wheels Dand E; and below it the elliptic 
Plates FF and 66; each Plate being fixed on an 
Axis in one of its Focuſes, at E and K; and the 


Wheel Eis fixed on the ſame Axis with the Plate 
| | FF. 
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having equal numbers of teeth, the Plate FF, 


Plate FF being farther from its Axis E than the 


The CoMETARIUM deſcribed, 
F F. Theſe Plates have Grooves round their 


edges preciſely of equal diameters to one another, 
and in theſe Grooves is the cat-gut ſtring gg, op 
croſſing between the Plates at . On H (the 
Axis of the handle or winch IV in Fig. 4th), is an 
endleſs ſcrew in Fig. 5, working in the Wheels 
D and E, whoſe numbers of teeth being equal, 
and ſhould be equal to the number of lines 45, 5, 
c, &c. in Fig. 4, they turn round their Axes in 
equal times to one another, and to the Motion of | 
the elliptic Plates. For, the Wheels D and E 


being fixed on the ſame Axis with the Wheel E, 
and the Plate FF turning the equally big Plate GC 
by a cat- gut ſtring round them both, they muſt all 
o round their Axes in as many turns of the han- 
dle N as either of the Wheels has teeth. 
It is eaſy to ſee, that the end Y of the elliptical 


oppoſite end i is, muſt deſcribe a Circle ſo much 
the larger in proportion; and muſt therefore move 
through ſo much more ſpace in the ſame time; and 
for that reaſon the end þ moves ſo much faſter than 
the end i, although it goes no ſooner round the 


Center E. But then, the quick moving end B of -_ 
the Plate FF leads about the ſhort end þ K of the | * c 
Plate G G with the ſame velocity; and the ſlow = 
moving end i of the Plate F F coming half round, WW 2 
as to B, muſt then lead the long end & of the Plate rhe 


60 as ſlowly about: So that the elliptical Plate half a; 


7 F and its Axis E move uniformly and equally half 

uick in every part of its revolution; but the | 
elliptical Plate GG, together with its Axis K, mult 5 
move very unequally in different parts of its revo Ni No 


jution: the difference being always inverſely as the WW. "ty 
diſtance of any points of the Circumference of G6 * 

from its Axis at K; or in other words, to n. n 3 
{tance in two points, if the diſtance K & be ſour, 1 A 
five, or fix times as great as the diſtance X V, tie "a 
Point þ will move in that poſition four, five, or ny | nd / 


times 


The improved CELESTIAL GLOBE deſcribed. 


times as faſt as the point & does: when the Plate 
GG has gone half round: and ſo on for any other 
Eccentricity or Difference of the Diſtances K and 
I. The tooth i on the Plate FF falls in between 
the two teeth at & on the Plate GG, by which 
means the revolution of the latter is ſo adjuſted to 
that of the former, that they can never vary from 
one another. | 

On the top of the Axis of the equally moving 
Wheel D, in Fig. 5th, is the Sun & in Fig. 4th; 
which Sun, by the Wire Z fixed to it, carries the 
Ball 1 round the Circle AB CD, &c. with an equa- 
ble Motion, according to the order of the letters: 
and on the top of the Axis K of the unequally 
moving Ellipſis GG, in Fig. 5th, is the Sun & in 
Fig. 4th, carrying the Ball 7 unequally round in 
the elliptical Groove 4c, &. N. B. This 
elliptical Groove muſt be preciſely equal and ſimi- 
lar to the verge of the Plate GG, which is alſo 
equal to that of FF. | | 

In this manner Machines may be made to ſhew 
the true Motion of the Moon about the Earth, or 
dfany Planet about the Sun; by making the ellip- 
tical Plates of the ſame Eccentricities, in propor- 
tion to the Radius, as the Orbits of the Planets are 
oſe Motions they repreſent; and fo, their dif- 
ſerent Equations, in different parts of their Orbits, 
may be made plain to the fight : and clearer ideas 
theſe Motions and Equations will be acquired in 
lf an hour, than could be gained from reading 
half a day about them. 


de North Pole of the Axis, above the Hour-Circle, 
„bed an Arch MK Hof 231 Degrees; and at 
de end Vis fixed an upright, pin HGE, which 
ads directly over the North Pole of the clipric, 
id perpendicular to that part of the ſurface of the 
lobe. On this pin are two moveable Collets at 
and 77, to which are fixed the quadrantal Wires 

| F. e | 1V and 
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The improved CELESTIAL GLoBE deſcribed, 


Nand O, having two little Balls on their ends for the 
Sun and Moon, as in the Figure. The Collet Dis 
fixed to the circular Plate F, on which the 295 
days of the Moon's age are engraven, beginning 
Juſt under the Sun's Wire N: and as this Wire is 
moved round the Globe, the Plate F turns round 
with it. Theſe Wires are ealily turned, if the 
ſcrew G be flackened; and when they are ſet to 
their proper places, the ſcrew ſerves to fix them 
there; ſo that when the Globe is turned, the Wires 


with the Sun and Moon may go round with it; | 
and theſe two little Balls riſe and ſet at the ſame [ 
times, and on the ſame points of the Horizon, 
for the day to which they are rectified, as the Sun a1 
and Moon do in the Heavens. 6, 
Becauſe the Moon keeps not her courſe in the . 
Ecliptic (as the Sun appears to do), but has a De- an 
clination of 54 Degrees, on each ſide, from it in da 
every Lunation, S 317, her Ball may be ſcrewed WM th+ 
as many degrees to either ſide of the Ecliptic a WM. the 
her Latitude, or Declination from the Ecliptic, ' 
amounts to, at any given time: and for this pu- tha; 
poſe $ is a {mall piece of paſteboard, of which the Sun 
curved edge at & is to be ſet upon the Globe, f Phe 
right Angles to the Ecliptic, and the dark lige over plaii 
S to ſtand upright upon it. From this line, of Lec 
the convex edge, are drawn the 37 Degrees of ti can f 
Moon's Latitude on both ſides of the Eclipic and! 
and when this piece is ſet upright on the Globe acco; 
its graduated edge reaches to the Moon on man their 
Wire O, by which means ſhe is caſily adjuſted . vba 
her Latitude found by an Ephemeris. un a 
The Horizon is ſupported by two ſemicirculaf upon, 
Arches, becauſe Pillars would ſtop the»progreil covers 
of the Balls, when they go below the Horizon! 
an oblique ſphere. 402, 
To refify this Globe. Elevate the Pole to cine, 
Latitude of the Place; then bring the Sun's p ndin 


in the Ecliptic for the given day to the big an | 


Meridian, and ſet the Hour-Index to XIIat 1 xls, y 
| i 


The PLANETARY GLOBE deſcribed, 419 


that is, to the upper XII on the Hour-Circle, 
keeping the Globe in that ſituation ; ſlacken the 
ſcrew G, and ſet the Sun directly over his place on 
the Meridian ; which being done, ſet the Moon's 
Wire under the number that expreſſes her age for 
that day on the Plate F, and ſhe will then ſtand 
over her place in the Ecliptic, and ſhew what Con- 
ſtellation ſhe is in. Laſtly, faſten the ſcrew G, and 
laying the curved edge of the paſteboard S over 
the Ecliptic, below the Moon, adjuſt the Moon to 
her Latitude over the graduated edge of the paſte- 
board ; and the Globe will be rectified, 
Having thus rectified the Globe, turn it round, It aſe. 
ind obſerve on what points of the Horizon the 
Sun and Moon Balls riſe and ſer, for theſe agree 
with the points of the Compaſs on which the Sun 
and Moon riſe and fet in the Heavens on the given 
day: and the Hour-Index ſhews the times of 
WHT their rifing and ſetting ; and likewiſe the time of 
de Moon's paſſing over the Meridian. 5 

This ſimple Apparatus ſhews all the varieties 
that can happen in the riſing and ſetting of the 
Sun and Moon; and makes the forementioned 
Phenomena of the Harveſt-Moon (Chap. xvi.) 
plain to the eye. It is alſo very uſeful in reading 
Lectures on the Globes, becauſe a large company 
can ſee this Sun and Moon go round riſing above 
and ſetting below the Horizon at different times, 
according to the ſeaſons of the year; and making 
their appulſes to different fixed Stars. But in the 
uual way, where there is only'the places of the 
dun and Moon in the Ecliptic to keep the eye 
upon, they are eaſily loſt ſight of, unleſs they be 
covered with patches, 


402. The PLAN ETARY GLokESs. In this Ma- The Pra- 
thine, T is a terreſtrial Globe fixed on its Axis G;.,,." 
tanding upright on the Pedeſtal CDE, on which Fic 1 
b an our-Circle, having its Index fixed on the 
kts, lch turns ſomewhat tightly inthe Pedeſtal 
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The PLANETARY GroRR deſcribed, 


ſo that the Globe may not be liable to ſhake; to 
prevent which, the Pedeſtal is about two Inches 
thick, and the Axis goes quite through it, bearing 
on a ſhoulder. The Globe is hung in a graduated 
brazen Meridian, much in the uſual way; and the 
thin Plate N, NE, E is a moveable Horizon, gra- 
duated round the outer edge, for ſnewing the Bear- 


' ings and Amplitudes of the Sun, Moon, and Pla- 


nets. The brazen Meridian is grooved round the 
outer edge; and in this Groove is a ſlender ſemi- 
circle of braſs, the ends of which are fixed to the 
Horizon in its North and South Points: this ſemi— 
circle ſlides in the Groove as the Horizon is moved 


in rectifying it for different Latitudes. To the 


middle of the ſemi- circle is fixed a Pin, which al- 
ways keeps in the Zenith of the Horizon, and on 
this Pin, the Quadrant of Altitude q turns; the 


lower end of which, in all poſitions, touches the 


Horizon as it is moved round the ſame. This 


Quadrant is divided into go Degrees from the Ho- 


rizon to the Zenithal Pin on which it is turned, at 
90. The great flat Circle or Plate AB is the Eclip- 


tic, on the outer edge of which the Signs and De. 


grees are laid down; and every fifth Degree 1s 
drawn through the reſt of the ſurface of this Plate 
towards its Center. On this Plate are ſeven 
Grooves, to which ſeven little Balls are adjuſted by 
lliding Wires, ſo that they are eafily moved in the 
Grooves, without danger of ſtarting out of them, 
The Ball next the terreſtrial Globe is the Moon, 
the next without it is Mercury, the next Venus, 
the next the Sun, then Mars, then Jupiter, and 
laſtly Saturn; and in order to know them, they 
are ſeperately ſtampt with thefollowing Characters; 
, 8, 2, O, 6, U, h. This Plate orEcliptic1s 
ſupported by four ſtrong Wires, having their lower 
ends fixed into the Pedeſtal, at C, D, and E, the 
fourth being hid by the Globe. The Eclipric 1 


inclined 23+ Degrees to the Pedeſtal, and is my 
10 ore 


The PLANETARY GLOBE d&e/cribed, 


fore properly inclined to the Axis of the Globe 
which ſtands upright on the Pedeſtal. 
To rettify this Machine, Set the Sun, and all the 


Ecliptic for any given time, by an Ephemeris; 
then ſet the North Point of the Horizon to the 
Latitude of your place on the brazen Meridian, 

and the Quadrant of Altitude to the South Point 
of the Horizon ; which done, turn the Globe with 
its Furniture till the Quadrant of Altitude comes 
right againſt the Sun, viz. to his place in the Eclip- 
tic; and keeping it there, ſet the Hour- Index to 
the XII next the letter C; and the Machine will 
be rectified, not only for the following Problems, 
but for ſeveral others, which the Artiſt may eaſily 
find out. | 


PROEBL EM L 


To find the Amplitudes, Meridian Altitudes, and 
times of riſing, culminating, and ſetting, of the 
Sun, Moon, and Planets, 


Turn the Globe round eaſtward, or according 
to the order of the Signs; and when the eaſtern 
edge of the Horizon comes right againſt the Sun, 
Moon, or any Planet, the Hour-Index will ſhew 
the time of its riſing; and the inner edge of the 
Ecliptic will cut its riſing Amplitude in the Hori— 
zon. Turnon, and whenthe Quadrant of Altitude 
comes right againſt the Sun, Moon, or any Planer, 
the Ecliptic will cut their Meridian Altitudes on 
the Quadrant, and the Hour-Index will ſhew the 
times of their coming to the Meridian. Continue 
turning, and whenthe Weſternedge of the Horizon 
comes right againſt the Sun, Moon, or any Planet, 
their ſetting Amplitudes will be cut on the Horizon 
by the Ecliptic; and the times of their ſetting will 
be he wn by the Index on the Hour- Circle. 
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The PLANETARY GLORE deſcribed, 


PROBLEM II. 


To find the Altitude and Azimuth of the Sun, Moon, 
and Planets, at any time of their being above the 


Horizon. 


Turn the Globe till the Index comes to the 
given time in the Hour-Circle; then keep the 
Globe ſteady, and moving the Quadrant of Alti. 
tude to each Planet reſpectively, the edge of the 
Ecliptic will cut the Planet's mean Altitude on the 

uadrant, and - oy 7 will cut the Planet's 
Azimuth, or Point of bearing an the Horizon, 


PROBLEM III. 


The Sun's Altitude being given at any time either be- 
fore or after Noon, to fiad the Hour of the Day, 
and the Variation of the Compaſs, in any known 
Latilude. 


With one hand hold the edge of the Quadrant 


right againſt the Sun ; and, with the other hand, 


turn the Globe weſtward, if it be in the forenoon, 
or eaſtward if it be in the afternoon, until the 
Sun's place at the inner edge of the Ecliptic cuts 
the Quadrant in the Sun's obſerved Altitude; and 
then the Hour-Index will point out the time of 
the day, and the Quadrant will cut the true Azi— 
muth, or Bezring of the Sun for thar time : the 
difference between which, and the Bearing ſhewn 
by the Azimuth Compaſs, is the Variation of 
the Compatls in that place of the Earth. 


403. The TRAjrcrox uu Luvnare. This Ma. 
chine is for delineating the Paths of the Earth and 
Moon, ſhewing what fort of Curves they make in 


the ethereal regions; and was juſt mentioned p 
the 


The TRAJECTORIUM LLUNARE deſcribed, 


the 266th Article. & is the Sun, and E the Earth, 
whoſe Centers are 81 Inches diſtant from each 


other; every Inch anſwering to a Million of Miles, 
(47. Mis the Moon, whole Center is * parts 
of an Inch from the Earth's in this Machine, this 
deing in juſt proportion to'\the Moon's diſtance 
from the Earth, $ 52. AA is a Bar of Wood, to 
he moved by hand round the Axis g, which is fixed 
in the Wheel 2. The Circumference of this 
Wheel is to the Circumference of the ſmall Wheel 
L (below the other end of the Bar) as 3654 days 
's to 2913 Or as a Year is to a Lunation. The 
Wheels are grooved round their edges, and in the 


Grooves is the cat-gut ſtring GG croſſing between 


the Wheels at X. On the Axis of the Wheel J. 
s the Index F; in which is fixed the Moon's Axis 
M for carrying her round the Earth E (fixed on 
the Axis of the Wheel L) in the time that the In- 
dex goes round a Circle of 292 equal parts, which 
are the Days of the Moon's age. The Wheel 7 
has the Months and Days of the year all round its 
Limb; and in the Bar AA 1s fixed the Index 7, 
vhich points out the Days of the Months anſwer- 
ing to the Days of the Moon's age, ſhewn by the 


other end of the Bar. On the Axis of the Wheel 


this Axis turns round; and in D are put the Pen- 

cilse and n, directly under the Earth E and Moon 

M; ſo that #3 1s carried round e, as Mis round E. 
Lay the Machine on an even floor, preſſing gently 


Wo appear at P and . the third being ſuppoſed 
o be hid from ſight by the Wheel) to enter a little 
Into the Floor, to ſecure the Wheel from turning. 
Then lay a paper about four feet long under the 
Pencils e and m, croſs-wiſe to the Bar: which done, 
move the Bar ſlowly round the Axis g of the Wheel 
J and, as the Earth E goes round the Sun S, the 
Moon M will go round the Earth with a duly pro- 


E e portioned 


Index V, in the Circle of 294 equal parts at the 


Lis put the piece D, below the Cock C, in which 


on the Wheel Z, to cauſe its ſpiked feet (of which 
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portioned velocity; and the friction Wheel } 
running on the floor, will keep the Bar from 
bearing too heavily on the Pencils e and n, which 
will delineate the Paths of the Earth and Moon, as 
in Fig. 2d, already deſcribed at large, & 266, 267, 
As the Index I points out the Days of the Months, 
the Index F ſhews the Moon's age on theſe Days, 
in the Circle of 294 equal parts. And as this laſt ! 
Index points to the different days in its Circle, 
the like numeral Figures may be ſet to thoſe parts 
of the curves of the Earth's Path and Moon's, 
where the Pencils e and n are at thoſe times re. 
ſpectively, to ſhew the Places of the Earth ind 
Moon. If the Pencil e be puſhed a very little off, 
as if from the Pencil , to about a part of their | 
diſtance, and the Pencil m puſhed as much toward | 
e to bring them to the ſame diſtance again, though | 
not to the ſame points of ſpace; then, as m goes 
round e, e will go as it were round the Center of 
Gravity between the Earth e and Moon mm, & 29%: 
but this motion will not ſenſibly alter the Figure 
= of the Earth's Path or the Moon's. 

If a Pin, as p, be put through the Pencil n, 
with its head toward that of the Pin ꝙ in the Pen- 
cil e, the head of the former will always keep to 
the head of the latter as 2 goes round e, and 
ſhews that the ſame ſide of the Moon is continu- 

ally turned to the Earth. But the Pin p, which 
may be conſidered as an equatorial Diameter of the 
Moon, will turn quite round the point , mak. 
ing all poſſible Angles with the Line of its Pro- 
oreſs, or Line of the Moon's Path. This is at 
ocular proof of the Moon's turning round her Axis, 


.- ag. The Tipr-Drar. The outſide parts of 
nat, this Machine conſiſt of, 1. An eight-ſided Box, on 
ix. the top of which at the corners is ſhewn the Phales 

Fig: vn. of the Moon at the Octants, Quarters, and Ful. 

| Within theſe is a Circle of 294 equal parts, which 
are the days of the Moon's age accounted from the 

Sun at New Moon, round to the Sun again. why 

thi 
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this Circle is one of 24 hours divided into their re- 
ſpective Halves and Quarters. 2. A moving el- 
liptical Plate, painted Blue, to repreſent the riſing 
of the Tides under and oppoſite to the Moon; 
and has the words, High Water, Tide falling, Low 
Water, Tide riſing, marked upon it. To one end 
of this Plate is fixed the Moon M by the Wire V, 
and goes along with it. 3. Above this elliptical 
Plate is a round one, with the points of the Com- 
paſs upon it, and alſothe names of above 200 places 
in the large Machine (but only 32 in the Figure, 
to avoid confuſion) ſer over thoſe Points on which 
the Moon bears when ſhe raiſes the Tides to the 
greateſt heights at theſe Places twice in every lunar 
day: and to- the North and South Points of this 
Plate are fixed two Indexes, [and K, which ſhew the 
times of High Water, in the Hour-Circle, at all 
theſe places. 4. Below the elliptical Plate are four 
ſmall Plates, two of which project out from below 
its ends at New and Full Moon; and fo, by length- 
ening the Ellipſe, ſhew the Spring Tides, which 
are then raiſed to the greateſt heights by the united 


attractions of the Sun and Moon, & 302. The 10 


other two of theſe ſmall Plates appear at low water 
when the Moon is in her Quadratures, or at the 
lides of theelliptical Plate, to ſhew the Neap-Tides; 
the Sun and Moon then acting croſs-wiſe to each 
other. When any twoof theſe ſmall Plates appear, 
the other two are hid; and when the Moon is in 
her Octants, they all diſappear, there being neither 
Spring nor Neap-Tides at thoſe times. Within 
the Box are a few Wheels for performing theſe 
Motions by the Handle or Winch H. 

Turn the Handle until the Moon M comes to 
any given day of her age in the Circle of 295 equal 
parts, and the Moon's Wire // will cut the time 
of her coming to the Meridian on that day, in the 
Hour-Circle; the XII under the Sun being Mid- 
day, and the oppoſite XII Midnight; then looking 
for the name of any given place on the round Plate 


(which 
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(which makes 29 rotations while the Moon M 
makes only one revolution from the Sun to the 
Sun again) turn the Handle till at place comes 
to the word High Hater under the Moon, and the 
Index which fails among the Forenoon Hours will 
ſhew the time of High Water at that place in the 
Forenoon of the given day: then turn the Plate 
half round, till the ſame place comes to the oppo- 
lice High Water Mark, and the Index will ſhew 
the time of High Water in the Afternoon at that 
place. And thus, as all the different places come 
ſucceſſtvely under and oppoſite to the Moon, the 
Indexes ſhew the times of High Water at them in 
both parts of the day : and when the ſame places 
come to the Low Water Marks, the Indexes ſhew 
the times of Low Water. For about three days 
before and after the times of New and Full Moon, 
the two {mall Plates come out a little way from 
below the High Water Marks on the elliptical 
Plate, to ſhew that the Tides riſe ſtil] higher about 
theſe times: and about the Quarters, the other 
two Plates come out a little from under the Low 
Water Marks toward the Sun and on the oppoſite 
ſide, ſhewing that the Tides of Flood riſe not then 
fo high, nor do the Tides of Ebb fall fo low, as 
at other times. 

By pulling the Handle a little way outward, it 
is diſengaged from the Wheel-work, and then the 
upper Plate may be turned round quickly by hand, 
ſo as the Moon may be brought to any given day 


of her age in about a quarter of a minute: and by 


puſhing in the Handle, it takes hold of the Whetl. 
work again. 1 

On 4B, the Axis of the Handle H, is an endlels 
Screw C, which turns the wheel FED of 24 teeth 
round in 24 revolutions of the Handle : this Wheel 
turns another, O.NG, of 48 teeth, and on its Axis 
is the Pinion P Q of four leaves, which turns the 
Wheel L K 1 of 59 teeth round in 29, turnings ot 


rotations of the Wheel FED, or ig 708 mo 
tion 
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tions of the Handle, which is the number of Hours 
ina ſynodical revolution of the Moon. The round 
Plate with the names of Places upon it is fixed on 
the Axis of the Wheel FED; and the Elliptical 
or Tide-Plate with the Moon fixed to it is upon 
the Axis of the Wheel LX; conſequently, the 
former makes 295 revolutions in the time that the 
latter makes one. The whole Wheel FED, 
with the endleſs Screw C, and dotted part of the 
Axis of the Handle AB, together with the dotted 
part of the Wheel O NG, lie hid below the large 
Wheel L XI. 

Fig. IX th repreſents the under fide of the El- 
liz ical or Tide Plate à bd, with the four ſmall 
Plates ABCD. EF GH, IK LM. MOP upon 
it: each of which has two ſlits, as TT, SS, RR, 
UU, fliding on two Pins, as n, fixed in the El- 
liptical Plate. In the four ſmall Plates are fixed 


four Pins, at V, X. , and Z; all of which work 


in an Elliptic Groove 0900 on the cover of the 
Box below the Elliptical Plate; the longeſt Axis 
of this Groove being in a right line with the Sun 
and Full Moon. Conſequently, when the Moon 
sin Conjunction or Oppolition, the Pins V and 
J thruſt out the Plates ABCD and IKLM a 
little beyond the ends of the Elliptical Plate at 4 
and b, to F and e; while the Pins Y and Z draw 
inthe Plates EFGH and NO quite under the 
Liliptic Plate to g and h. But, when the Moon 
comes to her firſt or third Quarter, the Elliptic 
Plate lies acroſs the fixed Elliptic Groove in which 


nd IK LM are drawn in below the great Plate, 
nd the other two Plates EFG H and VOB are 
ruſt out beyond it to a and c. When the Moon 
'$1n her Octants, the Pins J, A, J, Z are in the 
parts 0, 0, 0, o of the Elliptic Groove, which parts 
meat a mean between the greateſt and leaſt diſ- 
ances from the Center 9, and then all the four 
mal] Plates diſappear, being hid by the great one. 

405. The 


e Pins work; and therefore the end Plates A BCD + 
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405. The EcLiepsarRteon, This piece of Me- | 
chaniſm exhibirs the Time, Quantity, Duration, 


FL. xi. and Progreſs of ſolar Eclipſes, at all parts of the 


Earth. g 


Handle or Winch 1M; 


The principal parts of this Machine are, 1.4 
terreſtial Globe A turned round its Axis B by the 
the Axis B inclines 3 
Degrees, and has an Index which goes ons 
Hour-Circle D in each rotation of the Globe, 3. 
A circular Plate E, on the Limb of which the 
Months and Days of the year are inſerted, This 
Plate ſupports the Globe, and gives its Axis the 
ſame poſition to the Sun, or to a Candle properly 
placed, that the Earth's Axis has to the Sun upon 
any day of the year, $ 338, by turning the Plate 
till the given Day of the Month comes to the fixed 


Pointer, or Annual Index G. 3. A crooked Wire 


F, which points toward the middle of the Earth's 
enlightened Diſc at all times, and ſhews fo what 
place of the Earth the Sun 1s vertical at any given 
time. 4. A Penumbra, or thin circular Plate g 
braſs 7 divided into 12 Digits by 12 concentric 
Circles, which repreſent a Section of the Moons 
Penumbra, and is proportioned to the ſize of the 
Globe; ſo that the ſhadow of this Plate, formed 
by the Sun, or a Candle placed at a convenient dil 
tance, with its rays tranſmitted through a convex 
Lens to make them fall parallel on the Globe, 
covers exactly all thoſe places upon it that the 
Moon's Shadow and Penumbra do on the. Earth 
ſo that the Phenomena of any ſolar Eclipſe may h 


 ſhewn by this Machine with Candle-light almoſtys 


well as by the light of the Sun. 5. An upright 
frame [HH 17H: on the Sides of which are Scal 

of the Moon's Latitude or Declination from We? 
Ecliptic. To thele Scales are fitted two Sliders 
and K, with Indexes for adjuſting the Penumbias 
Center to the Moon's Latitude, as it is North 
South Aſcending or Deſcending. 6. A Solat H 
rizon C, dividing the enlightened HemiſphereM 
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che Globe from that which is in the dark at any 
given time, and ſhewing at what places the ge- 
zeral Eclipſe begins and ends with the riſing or 
ſetting Sun. 7. A handle M, which turns the 
Globe round its Axis by wheel-work, and at the 
ame time moves the Penumbra acroſs the frame 
by threads over the Pulleys L, L, L, with a velo- 
city duly proportioned to that of the Moon's ſha- 
dow over the Earth, as the Earth turns on its Axis. 
And as the Moon's Motion is quicker or flower, 
according to her different diſtances from the Earth, 
the Penumbral Motion is eaſily regulated in the 
Machine by changing one of the Pulleys. 

Jo reftify the Machine for uſe. The true time of 


foregoing Precepts, & 353, et. ſeg. if her Latitude 
exceeds the number of minutes or diviſions on the 


Scales (which are on the (ide of the frame hid from 
new in the figure of the Machine) there can be 
no Eclipſe of the Sun at that conjunction; but if 
it does not, the Sun will be eclipſed to ſome places 


appearances of the Eclipſe at thoſe places, proceed 
in order as follows. 

Torettify the Machine for performing by the light 
if the Sun. 1. Move the Sliders KK till their In- 
dexes point to the Moon's Latitude on the Scales, 
x it is North or South Aſcending or Deſcending, 
at that time. 2. Turn the Month-Plate E till the 
day of the given New Moon comes to the Annual 
Index G. 3. Unſcrew the Collar Ma little on the 
Axis of the Handle, to looſen the contiguous ſocket 
on which the threads that move the Penumbra are 
wound; and ſet the Penumbra by hand till its 
Center comes to the perpendicular thread in the 
middle of the frame; which thread repreſents the 
Axis of the Fcliptic. 4. Turn the Handle till the 
Meridian of London on the Globe comes juſt under 
the point of the crooked Wire F; then ſtop, and 
turn the Hour Circle 2 by Hand till X11 at Noon 


comes 


New Moon and her Latitude being known by the 
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of the Earth; and, to ſhew the times and various 
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comes to its Index, and ſet the Penumbra's middle 


to the thread. 5. Turn the Handle till the Hour- 
Index points to the time of New Moon in the Circle 
D; and holding it there, ſcrew faſt the Collar V. 
Laſtly, elevate the Machine till the Sun ſhines 
through the Sight- Holes in the ſmall upright Plates 
O, O on the Pedeſtal; and the whole Machine 
will be rectified. 

To rettify the Machine for ſhewing by Cendle-light. 
Proceed in every reſpect as above, except in that 
part of the laſt paragraph where the Sun is men- 
tioned; inſtead of which place a Candle before the 
Machine, about four yards from it, ſo as the ſhadow 
of interſection of the croſs threads in the middle 
of the frame may fall preciſely on that part ot the 
Globe to which the crooked wire I points : then, 
with a pair of compaſſes, take the Gillance be- 
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tween the Penumbra's Center and interſection of 


the threads; and equal to that diſtance ſet the Can- 


dle higher or lower, as the Penuinbra's Center is I 
above or below the ſaid interſection. Laſtly, place 


a large convex Lens between the Machine and 
Candle, ſo as the Candle may be in the Focus of 
the Lens, and then the Rays will fall parallel, and 
caſt a ſtrong light on the Globe. 

"Theſe things being done (and they may be done 
ſooner than they can be exprefled) turn the Handle 
backward, until the Penumbra almoſt touches 
the ſide H of the frame; then turning gradually 


forward, obſerve the following Phenomena. 1. F 
Where the eaſtern edge of the ſhadowotthe Penum- 
bral Plate I firſt touches the Globe at the ſolar Ho- 
rizon, thoſe who inhabit the correſponding part of 


the Earth ſee the Eclipſe begin on the uppermoſt 


edge of the Sun, juſt at the time of its riſing. 2. 


In that place where the Penumbra's Center firlt 
touches the Globe, the inhabitants have the Sun 
riſing upon them centrally eclipſed, 3. When 
the whole Penumbra juſt falls upon the Globe, 
its weſtern edge at the ſolar Horizon touches 


and leaves the place where the Eclipſe _ 
8 a 
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at Sun-riſe on the lowermoſt edge, Continue 
turning; and 4. The croſs lines in the Center 
of the Penumbra will go over all thoſe places on 
the Globe where the Sun 1s centrally eclipſed. 
g. When the eaſtern edge of the ſhadow touches 
any place of the Globe, the Eclipſe begins there ; 


when the verticle line in the Penumbra comes to 


any place, then is the greateſt obſcuration at that 


place; and when the weſtern edge of the Penum- 
bra leaves the place, the Eclipſe ends there; the 
times of all which are ſhewn on the Hour-Circle; 
and from the beginning to the end, the Shadows 
of the concentric penumbral Circles ſhew the 
numbers of Digits eclipſed at all the intermediate 
times. 6. When the eaſtern edge of the Penum- 
bra leaves the Globe at the ſolar Horizon C, the 
inhabitants ſee the Sun beginning to be eclipſed 
on his lowermoſt edge at its ſetting. 7. Where the 
Penumbra's Center leaves the Globe, the inhabi- 
tants ſee the Sun ſet centrally eclipſed. And 
laſtly, where the Penumbra is wholly departing 
from the Globe, the inhabitants ſee the Eclipſe 
ending on the uppermolt part of the Sun's edge, 
at the time of its diſappearing in the Horizon. 


N. B. If any given day of the year on the Plate 
E be fer to the Annual Index G, and the Handle 
turned till the Meridian of any place comes under 
the point of the crooked Wire, and then the Hour- 
Circle D fer by the hand till XII comes to its In- 
dex; in turning the Globe round by the Handle, 
when the ſaid place touches the eaſtern edge of 
the Hoop or lolar Horizon C, the Index ſhews the 
time of Sun-ſcriing at that place; and when the 


place is jult coming out from below the other edge 
of the Hoop C, the Index ſhews the time when 


the evening Twilight ends to it, When the place 
nas gone through the dark part r and comes about 
o as to touch under the back of the Hoop C, on 


the 
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the other ſide, the Index ſhews the time when the 
Morning Twilight begins; and when the ſame 
place is juſt coming our from below the edge of 
the Hoop next the frame, the Index points out 
the time of Sun-riſing. And thus, the times of 
Sun-riſing and ſetting are ſhewn at all places in 
one rotation of the. Globe, for any given day of 
the year: and the point of the crooked Wire Y 
ſhews all the places over which the Sbn paſſes ver- 
tically on that day. | 
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Of the DISTANCES of all the PLANETS from the SUN, 
as deduced from OBsERvaTIONs of the TRANSIT 
in the Year 1761. 
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Concerning Parallaxes, and their Uſe in general. 


1. HE approaching Tranſit of Venus 

over the Sun has juſtly engaged the 
attention of Aſtronomers, as it is a phenome- 
non ſeldom ſeen, and as the parallaxes of the 
Sun and Planets, and their diſtances from one 
another, may be found with greater accuracy by 
it, than by any other method yet known. 

2. The parallax of the Sun, Moon, or any pla- 
pet, is the diſtance between its true and apparent 
place in the heavens. The true place of any celeſ- 
tial object, referred to the ſtarry heaven, is that in 
which it would appear if ſeen from the center of 
the Earth; the apparent place is that in which it 
appears as ſeen from the Earth's ſurface. 

To explain this, let ABDH be the Earth 
(Fig. I. of Plate XIV. ), Cits center, Mthe Moon, 
and ZXR an arc of the ſtarry heaven. To an ob- 
ſerver at C (ſuppoſing the Earth to be tranſparent) 
the Moon M will appear at U, which is her true 
place referred to the ſtarry firmament : but at the 


oy The whole of this Diſſertation was publ:ſhed in the be- 
dining of the year 1761, before the Time of the Tranſit, ex- 
Cept the 7th and 8th Articles, which are added ſince that time, 
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ſame inſtant, to an obſerver at A ſhe will appear at 
u, below her true place among the ſtars.— The 
angle AMC 1s called the Moon's parallax, and 
is equal to the oppoſite angle U Mu, whoſe mea- 
ſure is the celeſtial arc Uu. — The whole earth is 
but a point if compared with its diſtance from the 
fixed ſtars, and therefore we conſider the ſtars as 
having no parallax at all. 

3. The nearer the object is to the horizon, the 
greater is its parallax; the nearer it is to the ze- 
nith, the leſs. In the horizon it is greateſt of all; 
in the zenith it is nothing. Thus let A Lt be the 
ſenſible horizon of an obſerver at 4; to him the 
Moon at L is in the horizon, and her parallax is 
the angle A L C, under which the Earth's ſemidi- 
ameter AC appears as ſeen from her. This angle 
1s called the Moon's horizontal parallax, and is 
equal to the oppoſite angle TIL, whoſe meaſure 
is the arc 77 in the ſtarry heaven. As the Moon 
riſes higher and higher to the points M, N, O, P, 
in her diurnal courſe, the parallactic angles Mu, 
X Nx, Loy diminiſh, and ſo do the arcs Uu, Ax, 
Yy, which are their meaſures, until the Moon: 
comes to P; and then ſhe appears in the zenith Z 
without any parallax, her place being the ſame 
whether it be ſeen from A on the Earth's ſurface, 
or from C its center. 

4. If the obſerver at A could take the true mea- 
ſure or quantity of the parallactic angle ALC, he 
might by that means find the Moon's diſtance from 
the center of the Earth. For, in the plain tri— 
angle LAC, the fidz AC, which is the Earth's ſe- 
midiameter, the angle ALC, which is the Moon's 
horizontal parallax, and the right angle CHE, 
would be given, Therefore, by trigonometry, as 


the tangent of the parallactic angle AL C is to ra- ; 


dius, ſo is the Earth's ſemidiameter AC to the 
Moon's diſtance CL from the Earth's center C.— 


But becauſe we conſider the Earth's ſemidiamerer I! 


as unity, and the logarithm of unity is nothing, ſub- 
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tract the logarithmic rangent of the angle 4L C 
from radius, and the remainder will be the loga- 
rithm of CL, and its correſponding number is the 
number of ſemidiameters of the Earth which the 
Moon is diſtant from the Earth's center. —Thus 


1 the angle ALC of the Moon's horizon- 
a 


tal parallax be 57 18”, 
From the radius _ 10.0000000 
Subtract the tangent of 57' 18” 8.2219207 
And there will remain — 1.7780793; 
which is the logarithm of 59.99, the number of ſe- 
midiameters of the Earth which are equal to the 
Moon's diſtance from the Earth's center. Then, 
59.99 being multiplied by 3985, the number of 


miles contained in the Earth's ſemidiameter, will 


give 239060 miles for the Moon's diſtance from 
the center of the Earth, by this parallax, 


But the true quantity of the Moon's horizon- 


tal parallax cannot be accurately determined by ob- 
ſerving the Moon in the horizon, on account of 
the inconſtancy of the horizontal refractions, which 
always vary according to the ſtate of the atmo- 
ſphere; and, at a mean rate, elevate the Moon's 
apparent place near the horizon half as much 
as her parallax depreſſes it. And therefore, to 
have her parallax more accurate, Aſtronomers 
have thought of the following method, which 
ſeems to be a very good one, but hath not yet been 
put in practice. 

Let two obſervers be placed . the ſame 
meridian, one in the northern hemiſphere, and the 
other in the ſouthern, at ſuch a diſtance from each 
other, that the arc of the celeſtial meridian in- 
cluded between their two zeniths may be at leaſt 
80 or go degrees. Let each obſerver take the diſ- 
tance of the Moon's center from his zenith, by 
means of an exceeding good inſtrument, at the 
moment of her paſling the meridian: add theſe 
two zenith-diſtances of the Moon together, and 
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their exceſs above the diſtance between the two 


zeniths will be the diſtance between the two ap- 
parent places of the Moon. Then, as the ſum of 
the natural fines of the two zenith- diſtances of the 
Moon is to radius, ſo is the diſtance between her 
two apparent places to her horizontal parallax: 
which being found, her diſtance from the Earth's 
center may be found by the analogy mentioned in 


4. 
Thus, in Fig. 2. let VEC9 be the Earth, Mthe 
Moon, and Zhax an arc of the celeſtial meridian, 
Let / be Vienna, whoſe latitude EY 1s 489 20' north; 
and C the Cape of Good Hope, whoſe latitude EC is 


34? 30 ſouth: both which latitudes we ſuppoſe to 


be accurately determined before-hand by the ob- 
ſervers, As theſe two places are on the ſame me- 
ridian VE Cs, and in different hemiſpheres, the 
ſum of their latitudes 8 20 g0' is their diſtance from 
each other. Z is the zenith of Vienna, and z the 
zenith of the Cape of Good Hope; which two zeniths 
are alſo 8 20 go' diſtant from each other, in the 
common celeſtial meridian Z x. To the obſerver 
at Vienna, the Moon's center will appear at a in 
the celeſtial meridian; and at the ſame inſtant, to 
the obſerver at the Cape, it will appear at . Now 
ſuppoſe the. Moon's diſtance Z à from the zenith 
of Vienna to be 38? 1' 3“; and her diſtance 2 
from the zenith of the Cape of Good Hope to be 46 
4' 41”: the ſum of theſe two zenith-diſtances 
(Za+2b) is 849 6' 34“, from which ſubtract 
82 50', the diſtance Z z between the zeniths of 
theſe two places, and there will remain 1* 16' 34” 
for the arc ba, or diſtance between the two appa- 
rent places of the Moon's center, as ſeen from Vand 
from C. Then, ſuppoſing the tabular radius to be 
100c0000, the natural fine of 38* 1' 53” (the arc 
Za) is 6160816, and the natural fine of 46* 4 
41” (thearc Zb) is 7202821; the ſum of both theſe 
lines is 13363637. Say, therefore, As 13363637 
5 18 
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is to 10000000, ſo is 1 16' 34”, to 57 18% which 
is the Moon's horizontal parallax. | 

If the two places of obſervation be not exactly 
under the ſame meridian, their difference of longi- 
tude muſt be accurately taken, that proper allow- 
ance may be made for the Moon's declination while 
ſhe is paſſing from the meridian of the one to the 
meridian of the other. 

6. The Earth's diameter, as ſeen from the Moon, 
ſubtends an angle of double the Moon's horizontal 
parallax ; which being ſuppaſed (as above) to be 
57' 18”, or 3438”, the Earth's diameter muſt be 
1 54 36”, or 6876“. When the Moon's hori- 
zontal parallax (which is variable on account of 
the eccentricity of her orbit) is 57 18”, her dia- 
meter ſubtends an angle 31” 2”, or 1862”: there- 
fore the Earth's diameter is to the Moon's diameter, 
as 6876 is to 1862; that is, as 3.69 is to 1. 

And ſince the relative bulks of ſpherical bodies 
are as the cubes of their diameters, the Earth's 
bulk is to the Moon's bulk, as 49.4 1s to 1. 

7. The parallax, and conſequently the diſtance 
and bulk, of any primary planet, might be found 
in the above manner, if the planet was near enough 
to the Earth, to make the difference of its two 
apparent places ſufficiently ſenſible: but the 
neareſt planet is too remote for the accuracy re- 
quired, In order therefore to determine the diſ- 
tances and relative bulks of the planets with any 
tolerable degree of preciſion, we muſt have recourſe 
to a method leſs liable to error: and this the ap- 
proaching tranſit of Venus over the Sun's diſc will 
afford us. 

8. From the time of any inferior conjunction of 
the Sun and Venus to the next, is 583 days 22 
hours 7 minutes. And, if the plane of Venus's 
orbit were coincident with the plane of the ecliptic, 
ſhe would paſs directly between the Earth and the 
Sun at each inferior conjunction, and would then 
appear like a dark round ſpot on the Sun for about 
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7 hours and 3 quarters. But Venus's orbit (like 
the Moon's) only interſects the ecliptic in two op- 
poſite points, called its Nodes. And therefore one 
half of it is on the north ſide of the ecliptic, and 
the other on the ſouth: on which account, Venus 
can never be ſeen on the Sun, but at thoſe inferior 
conjunctions which happen in or near the nodes of 
her orbit. At all the other conjunctions, ſhe either 
paſſes above or below the Sun; and her dark ſide 
being then toward the Earth, ſhe is inviſible.— 
The laſt time when this planet was ſeen like a 


ſpot on the Sun, was on the 24th of November, Old 


Stile, in the year 1639. 


i. 


Shewing bow to find the horixontal parallax of Venus 
by obſervation, and from thence, by analogy, the 
parallax and diſtance of the Sun, and of all the 
Planets from him, 


9. In Fig. 4. of Plate XIV. let DBA be the 
Earth, / Venus, and TSR the eaſtern limb of the 
Sun. To an obſerver at B, the point of that limb 
will be on the meridian, its place referred to the 
heaven will be at E, and Venus will appear juſt 


within it at S. But, at the ſame inſtant, to an ob- 
ſerver at A, Venus is eaſt of the Sun, in the right 
line A; the point 7 of the Sun's limb appears 
at e in the heaven, and if Venus were then viſible, 


ſhe would appear at F. The angle C/ A is tne | 
horizontal parallax of Venus, which we ſeek ; and 


is equal to the oppoſite angle FE, whoſe mea- 


ſure is the are FE. ASC js the Sun's horizontal |! 
parallax, equal to the oppoſite angle eSE, whoſe © 


meaſure is the arc eZ: and F Ae (the ſame as i 


Av) is Venus's horizontal parallax from the Sun, 


which may be found by obſerving how much later | 


in abſolute time her total ingreſs on the Sun is, as 


ſeen from 4, than as ſcen from B, which is tbe 


time 


of the Planets from the Sun. 


time ſhe takes to move from to v in her orbit 


OVYv. | | 

10. It appears by the tables of Venus's motion 
and the Sun's, that at the time of her enſuing tran- 
fit, ſhe will move 4 of a degree on the Sun's diſc 
in 60 minutes of time ; and therefore ſhe will move 
4” of a degree in one minute of time. 

Now let us ſuppoſe, that A is go? weſt of B, 
ſo that when it 1s noon at B, it will be VI in the 
morning at 4; that the total ingreſs as ſeen from 
B is at 1 minute paſt XII. but that as ſeen from A 
it is at 7 minutes 30 ſeconds paſt VI: deduct 6 
hours forthe difference of meridiansof Aand B, and 
the remainder will be 6 minutes 3o ſeconds for the 
time by which the total ingreſs of Venus on the 
Sun at & is later as ſeen from A than as ſeen from 
: which time being converted into parts of a 

degree is 26”, or the arc Feof Venus's horizontal 
parallax from the Sun: for, as 1 minute of time 
is to 4 ſeconds of a degree, ſo is 64 minutes of 
time to 26 ſeconds of a degree. 

11, The times in which the planets perform 
their annual revolutions about the Sun, are already 
known by obſervation. —From theſe times, and 
the univerſal power of gravity by which the pla- 
nets are retained in their orbits, it is demonſtrable, 
that if the Earth's mean diſtance from the Sun be 
divided into 10c000 equal parts, Mercury's mean 
diſtance from the Sun muſt be equal to 38710 of 
theſe parts—Venus's mean diſtance from the Sun, 
to 72333—Mars's mean diſtance, 152369—Jupi- 
ter's, 520096 - and Saturn's, 954006, Therefore, 
when the number of miles contained in the mean 
diſtance of any planet from the Sun is known, we 


can, by theſe proportions, find the mean diſtance. 


in miles of all the reſt, | 
12. At the time of the enſuing tranſit, the 
Earth's diſtance from the Sun will be 1015 (the 
mean diſtance being here conſidered as 1000), and 
Venus's diſtance from the Sun will -be 726 (the 
mean 


— —— —— ui — — — — * . ng — = = F 2 — * 
ZFA EA . SIS ITED = 2 5 8 7 =. . - n — 
* 2 San, oe 2 4 - = KEDS S- Le 2 : _ 
- _ —_— _ — — — — —— — — — — 

— — * - = 8 442 > OC — — — — —·*—— — nn — 

2 2 — > agen — 8 — ———— — ——— — — — 5 : 
_ . PC oe + * — ">" KT = — — — _E — == = —— 2 — — — 

2 — ont — 1 — — — _ — — 


— 


228 


EN EZ 


5 The Method of finding the Diftances 


mean diſtance being conſidered as 7 23), which dif- 
ferences from the mean diſtances ariſe from the 
elliprical figure of the planets' orbits - Subtract 
720 parts from 1015, and there will remain 289 
parts for Venus's diſtance from the Earth at that 
time. 
13. Now, ſince the horizontal parallaxes of the 
planets are “ inverſely as their diſtances from the 
Earth's center, it is plain, that as Venus will be 
between the Earth and the Sun on the day of her 
tranſit, and conſequently her parallax will be then 
greater than the Sun's, if her horizontal parallax 
can be on that day aſcertained by obſervation, the 
Sun's horizontal parallax may be found, and con- 
ſequently his diſtance from the Earth. — Thus, ſup- 
poſe Venus's horizontal parallax ſhould be found 
to be 36“. 3480; then, As the Sun's diſtance 1015 
is to Venus's diſtance 289, ſo 1s Venus's horizontal 
parallax 36“. 3480 to the Sun's horizontal parallax 
10“. 3493 on the day of her tranſit. And the dif- 
ference of theſe two parallaxes, viz. 25".9987 
(which may be eſteemed 26“) will be the quantity 
of Venus's horizontal parallax from the Sun; 


which is one of the elements for projecting or de- 


lineating her tranſit over the Sun's diſc, as will ap- 
pear further on. ; . 

To find the Sun's horizontal parallax at the time 
of his mean diſtance from the Earth, ſay, As 1000 
parts, the Sun's mean diſtance from the Earth's 
center, is to 1015, his diſtance from it on the 


* To prove this, let $ be the Sun (Fig. 3.) Venus, AB the 
Earth, C its center, and AC its ſemidiameter. The angle AVC 
is the horizontal parallax of Venus, and ASC the horizontal 

rallax of the Sun, But by the property of plain triangles, as 

the fine of AC (or of A its ſupplement to 180) is to the 
fine of ASC, ſo is 48 to A, and fo is CS to CF.— 
N. B. In all angles leſs than a minute of a degree, the fines, 


tangents, and arcs, are ſo nearly equal, that they may, without 


error, be uſed for one another. And here we make uſe of 
Gardiner's logarithmic tables, becauſe they have the fines to 
every ſecond of a degree, | 
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day of the tranſit, ſo is 10“. 3493, his horizontal 

arallax on that day, ro'10".5045, his horizontal 
paral}ax at the time of his mean diſtance from the 
Earth's center, 

14. The Sun's parallax being thus Gar any other 
way ſuppoſed to be) found, at the time of his mean 
diſtance from the Earth, we may find his true diſ- 
tance from it, in ſemidiameters of the Earth, by 
the following analogy. As the ſine (or tangent of 
ſo ſmall an arc as that) of the Sun's parallax 

0.50445 is to radius, ſo is unity, or the Earth's 
ſemidiameter, to the number of ſemidiameters of 
the Earth that the Sun 1s diſtant from 1ts center, 
which number, being multiphed by 3985, the 
number of miles contained in the Earth's ſemidi- 
ameter, will give the number of miles which the 
Sun is diſtant from the Earth's center. 

Then, by § 11, As 100000, the Earth's mean 
diſtance from the Sun in parts, is to 38710, Mer- 
cury's mean diſtance from the Sun 1n parts, ſo is 
the Earth's mean diſtance from the San in miles to 
Mercury's mean diſtance from the Sun in miles, 
And, 

As 100000 is to 72333, ſo is the Earth's mean 
diſtance from the Sun in miles to Venus's mean 
diſtance from the-: Sun in miles. —Likewiſe, 

As 100000 is to 152369, ſo is the Earth's mean 
diſtance from the Sun in miles to Mars's mean diſ- 
tance from the Sun in miles. Again, 

As 100000 is to 520096, ſo is the Earth's mean 
diſtance from the Sun in miles to Jupicer's mean 
diſtance from the Sun in miles, —Latly, | 

As 100000 is to 954006, ſo is tne Earth's mean 
diſtance from the dun in miles to Saturn's mean 
diſtance from the Sun in miles. 

And thus, by having found the diſtance of any 
one of the planets from the Sun, we have ſufficient 
data for finding the diſtance of all the reſt. And 
then, from their apparent diameters at theſe known 

diſtances, 
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diſtances, their real diameters and bulks may be 
found, | 

15. The Earth's diameter, as ſeen from the 
Sun, ſubtends an angle of double the Sun's hori- 
zontal parallax, at the time of the Earth's mean 
diſtance from the Sun; and the Sun's diameter, as 
ſeen from the Earth at that time, ſubtends an angle 
of 32' 2”, or 1922”, Therefore, the Sun's diame- 
ter is to the Earth's diameter, as 1922 1s to 21,— 
And ſince the relative bulks of ſpherical bodies 
are as the cubes of their diameters, the Sun's bulk 
is to the Earth's bulk, as 756058 is to 1; ſuppoſing 
the Sun's mean horizontal parallax to be 10“. f, 
as above. | | 

16. It is plain by Fig. 4. that whether Venus 
be at Vor , or in any other part of the right line 
BVS, it will make no difference in the time of her 


total ingreſs on the Sun at &, as ſeen from B; but 
as ſeen from Air will. For, if Venus be at , her 


horizontal parallax from the Sun is the arc Fe, 


which meaſures the angle Fe: but if ſhe be nearer 
the Earth, as at U, her horizontal parallax from the 


Sun is the arc fe, which meaſures the anglef Ae; 
and this angle is greater than the angle # Ae, by 


the difference of their meaſures F F. So that, as 


the diſtance of the celeſtial object from the Earth *} 
is leſs, its parallax 1s the greater, 1] 
17. To find the parallax of Venus by the above 
method, it is neceflary, 1. That the difference of 
meridians of the two places of obſervation be 90. 
—2, That the time of Venus's total ingreſs on the 
Sun be when his eaſtern limb is either on the me- 
ridian of one of the places, or very near it.—And, 
3. That each obſerver has his clock exactly regu- 
lated to the equal time at his place, But as it 
might, perhaps, be difficult to find two places on 
the Earth ſuited to the firſt and ſecond of theſe re- 
quiſites, we ſhall ſhew how this important problem 


may be ſolved by a ſingle obſerver, if he be exact 
f as 


of the Planets from the Sun. 


as to his longitude, and has his clock truly adjuſted 
to the equal time at his place. | 

18. That part of Venus's orbit in which ſhe will 
move during her tranſit on the Sun, may be con- 
ſidered as a ſtraight line ; and therefore, a plane 
may be conceived to pals both through it and the 
Earth's center, To every place on the Earth's 
ſurface cut by this plane, Venus will be ſeen on 
the Sun in the ſame path that ſhe would deſcribe 
as ſeen from the Earth's center : and therefore ſhe 
will have no parallax of latitude, either north or 
ſouth ; but will have a greater or leſs parallax of 
longitude, as ſhe 1s more or leſs diſtant from the 
meridian, at any time during her tranſit, 

Matura, a town and fort on the ſouth coaſt of 
the iſland of Ceylon, will be in this plane at the 
time of Venus's total ingreſs on the Sun; and the 
Sun will then be 62 eaſt of the meridian of that 
place. Conlequently to an obſerver at Matura, 
Venus will have a conſiderable parallax of longi- 
tude eaſtward from the Sun, when ſhe would ap- 
pear to touch the Sun's eaſtern limb as ſeen from 
the Earth's center, at which the Aſtronomical 
Tables ſuppoſe the obſerver to be placed, and 
give the times as ſeen from thence, 

19. According to theſe tables, Venus's total in- 
greſs on the Sun will be 50 minutes after VII in 
the morning, at Matura *, ſuppoſing that place to 
be 80* eaſt longitude from the meridian of London; 
which is the obſerver's buſineſs to determine. Let 
vs imagine that he finds it to be exactly ſo, but 
that to him the total ingreſs is at VII hours 55 
minutes 46 ſeconds, which 1s 5 minutes 46 ſeconds 
later than the true calculated time of total ingreſs, 
as ſeen from the Earth's center. Then, as Venus's 


* The time of total ingreſs at Londen, as ſeen from the 
Earth's center, is at 39 minutes after II in the morning; and 
if Matura be juſt 809 (or 5 hours 20 minutes) ealt of London, 
when it is 30 minutes paſt II in the morning at London, it is 
50 minutes paſt VII at Matura, 


motion 
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motion on (or toward, or from) the Sun 1s at the 
rate of 4 minutes of a degree in an hour (by 10.) 
her motion muſt be 23”.1 of a degree in 5 minutes 
46 ſeconds of time: and this 23.1 is her parallax 
eaſtward, from her total ingreſs as ſeen from Ma. 
zura, when her ingreſs would be total if ſeen from 


the Earth's center. 


20. At VII hours 50 minutes in the morning, 
the Sun is 62% from the meridian; at VI in the 
morning he is 90“ from it: therefore, as the fine 
of 62 is to the fine of 23“. 1 (which is Venus's 
parallax from her true place on the Sun at VII 
hours zo minutes) ſo is radius, or the fine of 90e, to 
the ſine of 26”, which is Venus's horizontal paral- 
Jax from the Sun at VI. In logarithms thus: 


As the logarithmic ſine of 62? 3O' = — - 9g.9479289 
Is to the logarithmic ſine of 23".1 = - 6,0481510 
So is the logarithmic radius - = 10.0000000 


—— —¼3⸗ 


To the logarithmic fine of 26” very nearly - - 6. 1002221 


Divide the Sun's diſtance from the Earth, 1015, 
by his diſtance from Venus 726 (F 12.) and the 


quotient will be 1.3980; which being multiplied | 


by Venus's horizontal parallax from the Sun 26", 


will give 36.3480, for her horizontal parallax as | 
ſeen from the Earth at that time. T hen (by d 13.) 


as the Sun's diſtance 1015 is to Venus's diſtance 


289, ſo is Venus's horizontal parallax 36“. 3480 to | 


the Sun's horizontal parallax 10”. 3493 — If Ve- 
nus's horizontal parallax from the Sun is found 
by obſervation to be greater or leſs than 26“, the 


Son's horizontal parallax muſt be greater or leſs 


than 10%. 3493 accordingly. | 
21. And thus, by a ſingle obſervation, the pa- 


rallax of Venus, and conſequently the parallax of | 


the Sun, might be found, if we were ſure that the 
Aſtronomical tables were quite correct as to the 
time of Venus's total ingreſs on the Sun,—But 


for 


although the tables may be ſafely depended upon 


— 
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for ſhewing the true duration of the tranſit, which 
will not be quite 6 hours from the time of Venus's 
total ingreſs on the Sun's eaſtern limb, to the be- 
ginning of her egreſs from his weſtern ; yet they 
may perhaps not give the true times of theſe two 
internal contacts: like a good common clock, 
which though it may be truſted to for meaſuring a 

few hours of time, yet perhaps it may not be 
quite adjuſted to the meridian of the place, and 
conſequently not true as to any one hour ; which 


every one knows 1s generally the caſe.— Therefore, 


to make ſure work, the obſerver ought to watch 
both the moment of Venus's total ingreſs on the 
Sun, and her beginning of egreſs from him, ſo as 
to note preciſely the times between theſe two in- 
ſtants, by means of a good clock; and by com- 
paring the interval at his place with the true cal- 
culated interval as ſeen from the Earth's center, 
which will be 5 hours. 58 minutes, he may find 
the parallax of Venus from the Sun both at her 
total ingreſs and beginning of egreſs. 

22. The manner of obſerving the tranſit ſhould 
be as follows: — The obſerver being provided with 
a good teleſcope, and a pendulum clock well ad- 
juſted to the mean diurnal revolution of the Sun, 
and as near to the time at his place as conveniently 
may be; and having an aſſiſtant to watch the clock 
at the proper times, he muſt begin to obſerve the 
dun'seaſternlimbthrough his teleſcope, twenty mi- 
nutes at leaſt before the computed time of Venus's 
total ingreſs upon it, leſt there ſhould be an error in 
the time of the beginning, as given by the tables. 

When he perceives a dent (as it were) to be 
made in the Sun's limb, by the interpoſition of the 
dark body of Venus, he muſt then continue to 
watch her through the teleſcope as the dent in- 
creales; and his aſſiſtant muſt watch the time ſhewn 
by the clock, till the whole body of the planet 
appears juſt within the Sun's limb: and the mo- 
ment when the bright limb of the Sun appears 

cloſe 
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cloſe by the eaſt ſide of the dark limb of the pla- 
net, the obſerver, having a little hammer in his 
hand, is to ſtrike a blow therewith on the table or 

wall; the moment of which, the aſſiſtant notes by 
the clock, and writes it down. 

Then, let the planet paſs on for about 2 hours 
59 minutes, in which time it will be got to the 
middle of its apparent path on the Sun, and con- 
ſequently will then be at its leaſt apparent diſ- 
tance from the Sun's center; at which time, the 
obſerver muſt take its diſtance from the Sun's cen- 
ter, by means of a good micrometer, in order to 
aſcertain its true latitude or declination from the 
ecliptic, and thereby find the places of its nodes. 

This done, there is but little occaſion to obſerve 
it any longer, until it comes ſo near the Sun's 
weſtern limb, as almoſt to touch it. Then the 
obſerver muſt watch the planet carefully with his 
teleſcope: and his aſſiſtant muſt watch the clock, 
ſo as to denote the preciſe moment of the planet's 
touching the Sun's limb, which che aſſiſtant Knows 
by the obſerver's ſtriking a blow with his hammer, 

23. The aſſiſtant muſt be very careful in ob- 
ſerving what minute on the Dial- plate the minute- 
hand has paſt, when he has obſerved the ſecond- 
hand at the inſtant the blow was ſtruck by the 
hammer; otherwiſe, though he be right as to 
the number of ſeconds of the current minute, he 
may be apt to make a miſtake in the number of 
minutes. DO, 

24. To thoſe places where the tranſit begins be- 
fore XII at noon, and ends after it, Venus will 
have an eaſtern parallax from the Sun at the be- 
ginning, and a weſtern parallax from the Sun at 
the end; which will contract the duration of the 
tranſit, by cauſing it to begin later, and end ſooner, 
at theſe places, than it does as ſeen from the Earth's 
center; which may be explained in the following 
manner. | 
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In Fig. 5. of Plate XIV. let BMA be the Earth, 
Venus, and S the Sun. The Earth's motion on 
its axis from weſt to eaſt, or in the direction 
AMB, carries an obſerver on that ſide contrary 

to the motion of Venus in her orbit, which is in 
the direction VV, and will therefore caule her 
motion to appear quicker on the Sun's diſc, than 


it would appear to an obſerver placed at the Earth's 


center C, or at either of its poles. For, if Venus 
were to ſtand ſtill in her orbit at / for twelve hours, 
the obſerver on the Earth's ſurface would in that 
time be carried from A to B, through the arc 
AMB. When he was at A, he would ſee Venus 
on the Sun at R; when at M, he would ſee her at 
sj; and when he was at B, he would ſee her at 7: 
ſo that his own motion would cauſe the planet to 
appear in motion on the Sun through the line 
RST: which being | in the direction of her appa- 
rent motion on the Sun as ſhe moves in her orbit 
J, her motion will be accelerated on the Sun 
to this obſerver, juſt as much as his own motion 


would ſhift her apparent place on the Sun, if ſne 


were at reſt in her orbit at J. 

But as the whole duration of the tranſit, fa 
firſt to laſt internal contact, will not be quite fix 
hours; an obſerver, who has the Sun on his meri- 
dian at the middle of the tranſit, will be carried 
only from @ to during the whole time thereof. 
And therefore, the duration will be much leſs con- 
tracted by his own motion, than if the planet were 
to be twelve hours in paſſing over the Sun, as iced 
from the Earth's center. 

25. The nearer Venus is to the Earth, the greater 
is her parallax, and the more will the true duration 
of her tranſit be contracted thereby; the farther 
ſhe is from the Earth, the contrary; ſo that the 
contraction will be in direct proportion to the pa- 
rallax, Therefore, by obſerving, at proper places, 
how much the duration of the tranſit is leſs than 
Is true duration at the Earth's center, where it is 
G g 5 hours 


E 


=: — —ͤ— 
25 — — — — - — — of — 
I — — wag 2 = . 
= = — pre rnd 7.5, = —— _ » _ - 4 . 
- — — 8 — - ; - WY — - = - 
— — = — — — . — LS A — — — —— 
r — _ — — — — - I ; — 2 2 - _ 1 — — - - 2 
BY _ — — ä DI — — 1 —— - —— — - 
* — — - — 2 — Ne Nene DI - 2 U 4 — — ” £ = 1 * — = = — _ . 
_ . a — — = — —— — — K — 1 . a P — — —— — — 5 by = 
2 — — — — 32 — + — — — > — 8 — - 
T by * — 2 — SI — — 2 
Y 3 - —— 2 — - — — — I "4+ 
— — — * — — — —— — — ne — EE I ane: 8 — — Ä 7 3 — * 
— > < PIE — . — — _ - _— == 5 — 7 - - — 
y —_— 44 * : * gx oy * — 2 — ——— = 5 —— * — yo = 
rn r k I p . 4 Ro >. — 2 . = : - — — 
8 og l L 4 AP" —— ? - 6 . 
= 2, . by : * - 2 , oo” - . — 2 b - 
8 2 by » — : l * * . — 
«oy ot et >, 3 1 * , 8 — 


a 


r 


— — row — 


450. 


The Method of Inding tbe Diſtances 


5 hours 58 minutes, as given by the Aſtronomical | 


tables, the parallax of Venus will be aſcertained, 
26. The above method, (§ 17, & eg.) is much 
the ſame as was preſcribed long ago by Doctor 
Halley ; but the calculations differ conſiderably 
from his; as will appear in the next article, which 
contains a tranſlation of the Doctor's whole diſſer- 


tation on that ſubject. He had not computed his 


own tables when he wrote it, nor had he time 
before-hand to make a ſufficient number of obſer- 
vations on the motion of Venus, ſoas to determine 
whether the nodes of her orbit are at reſt or no; 
and was therefore obliged to truſt to other tables, 
which are now found to be erroneous. 


AHTICLE HUI. 


Containing Doctor HALL EV’ Diſſertation on the ne- 


thed of finding the Sun's parallax and diſtance from 1 
the Earth, by the tranſit of Venus over the Sun's 


Diſc, June the 6th, 1761. Tranſlated from the 


Latin in Motte's Abridgment of the Philoſopbical : 
Tranſaftions, Vol. I, page 243; with additional 


notes, 


| There are many things exceedingly paradoxical, 
and that ſeem quite incredible to the illiterate, 

which yet by means of mathematical principles 

may be eaſily ſolved. Scarce any problem will a- 


pear. more hard and difficult, than that of deter- 
mining the diſtance of the Sun from the Earth 
very near the truth : but even this, when we are 
made acquainted with ſome exact obſervations, 


taken at places fixed upon, and choſen before: 


hand, will without much labour be effected. And 
this is what Jam now deſirous to lay before this 
Huſtrious Society“ (which ! foretel] will continue 


for ages) that I may explain before-hand to young 


Aſtronomers, who may perhaps live to obſerve 
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theſe things, a method by which the immenſe diſ- 
tance of the Sun may be truly obtained, to withia 
a five hundredth part of what it really is. 

It is well known that the diſtance of the Sun 
from the Earth is by different Aſtronomers ſup- 
poſed different, according to what was judged moſt 
probable from the beſt conjecturè that each would 
form. Ptolemy and his followers, as alſo Copernicus 
and Tycho Brabe, thought it to be 1200 ſemidia- 
meters of the Earth: Kepler 3500 nearly: Ricciolus 
doubles the diſtance mentioned by Kepler, and He- 
velius only increaſes it by one half. But the pla- 
ners Venus and Mercury having, by the aſſiſtance 
of the teleſcope, been ſeen in the diſc of the Sun, 
deprived of their borrowed brightneſs, it is at length 
found that the apparent diameters of the planets 
are much leſs than they were formerly ſuppoſed ; 
and that the ſemidiameter of Venus ſeen from the 
Sun ſubtends no more than a fourth part of a 
minute, or fifteen ſeconds, while the ſemidiameter 
of Mercury, at its mean diſtance from the Sun, 
is ſeen under an angle only of ten ſeconds ; that 
the ſemidiameter of Saturn ſeen from the Sun 
appears under the ſame angle; and that the 
ſemidiameter of Jupiter, the largeſt of all the 
planets, ſubtends an angle of no more than a third 
part of a minute at the Sun, Whence, keeping 
the proportion, ſome modern Aſtronomers have 
thought, that the ſemidiameter of the Earth, ſeen 
tom the Sun, would ſubtend a mean angle between 
that larger one ſubtended by Jupiter, and that 
ſmaller one ſubtended by Saturn and Mercury; 
and equal to that ſubtended by Venus (namely, 
teen ſeconds) : and have thence concluded, that 
the Sun is diſtant from the Earth almoſt 14000 of 
the Earth's ſemidiameters. But the ſame authors 
ave on another account ſomewhat increaſed this 
ſtance : for, inaſmuch as the Moon's diameter is 
little more than a fourth part of the diameter of 
tne Earth, if the Sun's parallax ſhould be ſuppoſed 
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fifteen ſeconds, it would follow, that the bodyof the 
Moon is larger than that of Mercury ; that 1s, that 
a ſecondary planet would be greater than a prima- 
ry, which would ſeem inconſiſtent with the uni- 


( 
formity of the mundane ſyſtem. And on the con- 
trary, the ſame regularity and uniformity ſeems 
ſcarcely to admit, that Venus, an inferior planet, 
that has no ſatellite, ſhould be greater than our 
Farth, which ſtands higher in the ſyſtem, and hay ] 

ſuch a ſplendid attendant. , Therefore, to obſerve | 0 
a mean, let us ſuppoſe the ſemidiameter of the 1 * 
Earth ſeen from the Sun, or, which is the ſame } 9 
thing, the Sun's horizontal parallax, to be twelve . 
ſeconds and a half; according to which, the Moon I 
will be leſs than Mercury, and the Earth larger MW 2 
than Venus; and the Sun's diſtance from the Earth |} th 
will come out nearly 16,500 of the Earth's ſemi- 50 
diameters. This diſtange J aſſent to at preſent, as m 
the true one, till it become certain what it is, le. 
by the Experiment which I propoſe. Nor am V 
induced to alter my opinion by the authority of m 
thoſe (however weighty it may be) who are for WM © 
placing the Sun at an immenſe diſtance beyond the — 
- bounds here aſſigned, relying on obſervations made Ea 
upon the vibrations of a pendulum, in order to | bu 
determine thoſe exceeding ſmall angles; but which, | aly 
as it ſeems, are not ſufficient to be depended upon: } lec 
at leaſt, by this method of inveſtigating the para- *, 
lax, it will come out ſometimes nothing, or even as | 
negative; that is, the diſtance would either become | i | 
infinite, or greater than infinite ; which is abſurd. | me 
And indeed, to confeſs the truth, it is hardly pol-| wy 
fible for a man to diſtinguiſh, with any degree of SS 
certainty, ſeconds, or even ten ſeconds, with inſtru- fore 


ments, let them be ever ſo ſkilfully made: there- 

fore, it is not at all to be wondered at, that the "ls 

1 exceſſive nicety of this matter has eluded the many 5 
5 and ingenious endeavouts of ſuch {ſkilful operators. 


About forty years ago, while I was in the 1f]and 
T 7 8 9 | ſouth ſco') 


pole, 


of St. Helena, obſerving the ſtars about the 


N 
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pole, I had an opportunity of obſerving, with the 
greateſt diligence, Mercury paſſing over the diſc 


of the Sun; and (which ſucceeded better than 1 


could have hoped for) I obſerved, with the greateſt 
degree of accuracy, by means of a teleſcope 24 
feet long, the very moment when Mercury enter- 
ing upon the Sun ſeemed to touch its limb within, 
and alſo the moment when going off it ſtruck the 
limb of the Sun's diſc, forming the angle of interior 
contact: whence I found the interval of time, dur- 
ing which Mercury then appeared within the Sun's 
diſc, even without an error of one ſecond of time. 
For the lucid line intercepted between the dark 
limb of the planet and the bright limb of the Sun, 
although exceeding fine, 1s ſeen by the eye; and 
the little dent made in the Sun's limb, by Mer- 


cury's entering the diſc, appears to vaniſh in a 


moment ; and alſo that made by Mercury, when 
leaving the diſc, ſeems to begin in an inſtant.— 


When I perceived this, it immediately came into 


my mind, that the Sun's parallax might be ac- 
curately determined by ſuch kind of obſervations 
as theſe ; provided Mercury were but nearer to the 
Earth, and had a greater parallax from the Sun: 
but the difference of theſe parallaxes is lo little, as 
always to be leſs than the ſolar parallax which we 
ſeck; and therefore Mercury, though frequently 
to be ſeen on the Sun, is not to be looked upon 
as fit for our purpoſe. 

There remains then the tranſit of Venus over 
the Sun's diſc ; whoſe parallax, being almoſt four 
times as great as the ſolar parallax, will cauſe very 
ſenſible differences between the times in which 
Venus will ſeem to be paſſing over the Sun at dif- 
ferent parts of the Earth. And from theſe differ- 
ences, if they be obſerved as they ought, the 
Sun's parallax may be determined even to a {mall 
part of a ſecond, Nor do we require any other 
inſtruments for this purpole, than common tele- 
ſcogcs and clocks, only good of their kind; and 
in the obſervers, nothing more is needful than fide- 
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lity, diligence, and a moderate ſkill in Aſtronomy; 
For there is no need that the latitude of the place 
ſhould be ſcrupulouſly obſerved, nor that the hours 
themſelves ſhould be accurately determined with 
reſpect to the meridian: it is ſufficient that the 
clocks be regulated according to the motion of 
the heavens, if the times be well reckoned from 
the total ingreſs of Venus into the Sun's diſc, to 
the beginning of her egreſs from it; that is, when 
the dark globe of Venus firſt begins to touch the 
bright limb of the Sun within; which moments, 
I know by my own experience, may be obſerved 


within a ſecond of time. 


But on account of the very ſtrict laws by which 
the motions of the planets are regulated, Venus is 
ſeldom ſeen within the Sun's diſc : and during the 
courſe of more than 120 years, it could not be 
ſeen once; namely, from the year 1639 (when this 
moſt pleaſing ſight happened to that excellent 
youth, Horrax, our countryman, and to him only, 
ſince the creation) to the year 1761; in which 
year, according to the theories which we have 
hitherto found agreeable to the celeſtial motions, 
Venus will again paſs over. the Sun on the“ 26th 
of May, in the morning; ſo that at London, about 
ſix o'clock in the morning, we may expect to ſee 
it near the middle of the Sun's diſc, and not above 
four minutes of a degree ſouth of the Sun's center, 
But the duration of this tranſit will be almoſt eight 
hours; namely, from two o'clock in the morning 
till almoſt ten. Hence the ingreſs will not be 
viſible in England; but as the Sun will at that 
time be in the 16th degree of Gemini, having al- 
molt 23 degrees north declination, it will be ſeen 

without ſetting at all in almoſt all parts of the 
north frigid zone: and therefore the inhabitants 
of the coaſt of Norway, beyond the city of Nidroſia, 
which is called Drentheim, as far as the North 
Cape, will be able to obſerve Venus entering the 
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Sun's diſc; and perhaps the ingreſs of Venus upon 
the Sun, when riſing, will be ſeen by the Scotch, in 
the northern parts of the kingdom, and by the in- 
habitants of the Shetland [/es, tormerly called Thule, 
But at the time when Venus will be neareſt the 
Sun's center, the Sun will be vertical to the north- 
ern ſhores of the bay of _ or rather over the 
kingdom of Pegu; and therefore in the adjacent re- 
gions, as the Sun, when Venus enters his diſc, 
will be almoſt four hours toward the eaſt, and as 
many toward the weſt when ſhe leaves him, the 
apparent motion of Venus on the Sun will be acce- 
lerated by almoſt double the horizontal parallax of 
Venus from the Sun ; becauſe Venus at that time 
is carried with a retrograde motion from eaſt to 
weſt, while an eye placed upon the Earth's ſurface 
is whirled the contrary way, from weſt to caſt ®, 
Suppoling 


* This has been already taken notice of in F 24 ; but I ſhall 
here endeavour to explain it more at large, together with ſome 
of the following part of the Doctor's Eſſay, by a figure. 

In Fig. 1. of Plate XV. let C be the center of the Earth, and 
Z the center of the Sun. In the right line CZ, make v to 
CZ as 726 is to 1015 (F12), Let 434 be the Earth, v Ve- 
nus's place in her orbit at the time of her conjunction with the 
Sun, and let 78 U he the Sun, whoſe diameter is 31 42“. 

The motion of Venus in her orbit is in the direction No x 
and the Earth's motion on its axis is according to the order of 
the 24 hours placed around it in the figure. Therefore, ſup- 
poſing the mouth of the Ganges to be at G, when Venus is at 
E in her orbit, and to be carried from G fo g by the Earth's 
motion on its axis, while Venus moves from E coein her orbit; 
it is plain that the motions of Venus and the Ganges are con- 
trary to each other, 

The true motion of Venus in her orbit, and conſequently 
the ſpace ſhe ſeems to run over on the Sun's diſc in any given 
time, could be ſeen only from the Earth's center C, which is 
at reſt with reſpect to its ſurface. And as ſeen from C, her 
Path on the San would be in the right line TeU; and her mo- 
tion therein at the rate of four minutes of a deyree in an hovr. 
T is the point of the Sun's eaſtern limb which Venus ſeems to 
touch at the moment of her total ingreſs on the Sun, as ſeen 
from C, when Venus is at E in her orbit; and U is the point 
of the Sun's weſtern limb which ſhe ſeems to touch at the 
moment of her beginning of egreſs from the Sun, as ſeen from 
C, when ſhe is at e in her orbit. 

Gg 4 When 
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Suppoſing the Sun's parallax (as we have ſaid) 
to be 12x", the parallax of Venus will be 43”; 
from which ſubtractipg the parallax of the Sun, 


there will remain 30“ at leaft for the horizontal 
| parallax of Venus from the Sun; and therefore the 
motion of Venus will be increaſed 45” at leaſt by 


that parallax, while ſhe paſſes over the Sun's diſc, 
in thoſe elevations of the pole which are in places 


near the tropic, and yet more in the neighbour- 


hood of the equator. Now, Venvs at that time 


will move on the Sun's diſc, very nearly at the 


rate of four minutes of a degree in an hour; and 
therefore 11 minutes of time at leaſt are to be 
allowed for 45”, or three fourths of a minute of 

_ a degree; 


When the mouth of the Ganges is at x (in revolving through 
the arc Gmg ) the Sun is on its meridian, Therefore, ſince 
G and g are equally diſtant from at the beginning and end- 
ing of the tranſit, it is plain that the Sun will be as far eaſt of 
the meridian of the Ganges (at G) when the tranſi: begins, as 
it will be weſt of the meridian of the ſame place (revolved 
from & tog) when the tranſit ends. I 

But although the beginning. of the tranſit, or rather the 
moment of Venus's total ingreſs upon the Sun at T, as ſeen 
from the Earth's center, muſt be when Venus is at E in her 
orbit, becauſe ſhe is then ſeen in the direction of the right line 
CET; yet at the ſame irftant of time, as ſeen from the 
Ganges ai G, ſhe will be ſhort of her ingreſs on the Sun, being 
then ſeen eaſtward of him, in the right line GEK, which 
makes the angle KZT (equal to the oppoſite angle GEC), 


with the right line CET. This angle is called the angle of 


Venus's paraliax from the Sun, which retards the beginning 


of the tranſit as ſeen from the banks of the Ganges ; ſo that 


the Ganges G, muſt advance a little farther toward n, and Venus 
muſt move on in her orbit from F to R, before ſhe can be ſeen 
from G (in the right line GRT) wholly within the Sun's 
diſc at T. | 

Wh-n Venus comes to # in her orbit, ſhe will appear at U, 
as ſeen from the Earth's center C, juſt beginning to leave the 
Sun; that is, at the beginning of her egreſs from his weſtern 
limb: bot at the ſame inſtant of time, as ſeen from the Ganges, 
which is then at g, ſhe will be quite clear of the Sun toward 
the weſt; being them ſeen from g in the right line ge L, which 
makes an angle, as UeL (equal to the oppoſite angle Ceg), 
with the right line Ce; and this is the angle of Venus's 

| | | parallax 
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of the Planets from the Sun. 


a degree; and by this ſpace of time, the duration 


of this eclipſe cauſed by Venus will, on account 


of the parallax, be ſhortened. And from this 
ſhortening of the time only, we might ſafely enough 
draw a concluſion concerning the parallax which 


we are in ſearch of, provided the diameter of the 


Sun, and the latitude of Venus, were accurately 
known. But we cannot expect an exact coup 
tion in a matter of ſuch ſubtilty. 

We muſt endeavour therefore to obtain, if poſ- 


ſible, another obſervation, to be taken in thoſe 


places where Venus will be in the middle of the 
Sun's diſc at midnight; that is, in places under 
the oppoſite meridian to the former, or about 6 
hours or 9o degrees weſt of London; and where 
Venus enters upon the Sun a little before its ſet- 


parallax from the Sun, as ſeen from the Ganges at g, when ſhe 
15 but juſt beginning to leave the Sun at U, as ſeen from the 
Eerth's center C. 

Here it is plain, that the duration of the tranſit about the 
mouth of the Ganges (and alſo in the neighbouring places) 
will be diminiſhed by about double the quantity of Venus's 
parallax from the Sun at the beginning and ending of the 
tranſit, For Venus muſt be at E in her orbit when ſhe is 
wholly upon the Sun at J, as ſeen from the Earth's center C: 
but at that time ſhe is ſhort of the Sun, as ſeen from the Ganges 
at G, by the whole quantity of her eaſtern parallax from the 
Sun at that time, which is the angle XET. [This angle, in 
fact, is only 23“; though it is repreſented much larger in the 
figure, becauſe the Earth therein is a vaſt deal too big.] Now, 
as Venus moves at the rate of 4'in an hour, ſhe will move 2 
in 5 minutes 45 ſeconds : and, therefore, the tranſit will begin 
later by 5 minutes 45 ſeconds at the banks of the Ganges than 
at the Earth's center. When the tranſit is ending at U, 
as ſeen from the Earth's center at C, Venus will be quite clear 
of the Sun (by the whole quantity of her weſtern parallax from 
him) as ſeen from the Ganges, which is then at ge and this 
parallax will be 22", equal to the ſpace through which Venus 
moves in 5 minutes zo ſeconds of time: fo that the tranſit will 
end 54 minutes ſooner as ſeen from the Ganges, than as ſeen 
from tne Earth's center. 

Hence the whole contraction of the duration of the tranſit 
at the mouth of the Ganges ill be 11 minutes 15 ſeconds of 
time: for it is 5 minutes 45 ſeconds at the beginning, and 5 
minutes 8 30 ſecouds at the end, 


ting, 
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ting, and goes off a little after its riſing. And 
this will happen under the above-mentioned meri- 
dian, and where the elevation of the north pole is 
about 56 degrees; that is, in a part of Hudſon's 
Bay, near a place called Port-Nelſon. For, in this 
and the adjacent places, the parallax of Venus will 
' increaſe the duration of the tranſit by at leaſt fix 
minutes of time; becauſe, while the Sun, from 
its ſetting to its riſing, ſeems to paſs under the 
pole, thoſe places on the Earth's diſc will be car- 
ried with a motion from eaſt to weſt, contrary to 
the motion of the Ganges ; that is, with a motion 
conſpiring with the motion of Venus ; and there- 
fore Venus will ſeem to move more ſlowly on the 
Sun, and to be longer in paſling over his diſc *. 


In Fig. I. of Plate XV. let aC be ke meridian of the 
eaſtern mouth of the Ganges; and 6 C the meridian of Port- 
Nelfon at the mouth of York River in Hudſon's Bay, 56® north 
latitude. As the meridian of the Ganges revolves from a to c, 
the meridian of Port-Nelſon will revolve from 6 to 4: there- 
fore, while the Ganges revolves from G to g, through the arc 


Gmg, Port-Nelſon revolves the contrary way (as ſeen from the 


Sun or Venus) from P to p through the arc Pn p,—— Now, 
as the motion of Venus is from E toe in her orbit, while ſhe 
ſeems to paſs over the Sun's diſc in the right line 77 U, 

from the Earth's Center C, it is plain that while the motion 
of the Ganges is contrary to the motion of Venus in her orbit, 
and thereby ſhortens the duration of the tranſit at that place, 
the motion of Port-Nel/on is the ſame way as the motion of 
Venus, and will therefore increaſe the duration of the tranſit; 
which may in ſome degree be illuſtrated by ſuppoſing, that 
while a ſhip is under fail, if two birds fly along the fide of 
the ſhip in contrary directions to each other, the bird which 
flies contrary to the motion of the ſhip will paſs by it ſooner 


than the bird will, which flies the ſame way that the ſhip | 


moves. 

In fine, it is plain by the figure, that the duration of the 
tranſit muſt be longer as ſeen from Port-Nel/on, than as ſeen 
from the Earth's center ; and longer as ſeen from the Earth's 
center, than as ſeen from the mouth of the Ganges. — For 


Port Nelſon mult be at P, and Venus at Nin her orbit, when 


ſhe appears wholly within the Sun at T'. and the ſame place 
muſt be at p, and Venus at z, when ſhe appears at U, begin- 


ning to leave the Sun.— The Ganges mult be at G, and Venus 
| at 
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of the Planets from the Sun. 
If therefore it ſhould happen that this tranſit 


ould be properly obſerved by ſkilful perſons ac 


both theſe places, it is clear, that its duration 
will be 17 minutes longer, as ſeen from Port- 
Nelſon, than as ſeen from the Eaſt-Indies. Nor is 
it of much conſequence (if the Engliſh ſhall at that 
time give any attention to this affair) whether the 
obſervation be made at Fort- George, commonly 
called Madras, or at Bencoolen on the weſtern ſhore 
of the iſland of Sumatra, near the Equator. But 
if the French ſhould be diſpoſed to take any pains 
herein,anobſerver may ſtation himſelfconvenient] 

enough at Pondicherry on the weſt ſhore of the bay 
of Bengal, where the altitude of the pole is about 
12 degrees. As to the Dutch, their celebrated 
mart at Batavia will afford them a place of obſerv- 
ation fit enough for this purpoſe, provided they 
alſo have but a diſpoſition to aſſiſt in advancing, in 
this particular, the knowledge of the heavens, — 
And indeed I could with that many obſervations 
of the ſame phenomenon might be taken by dif- 
ferent perſons at ſeveral places, both that we might 
arrive at a greater degree of certainty by their 
agreement, and alſo leſt any ſingle obſerver ſhould 


be deprived, by the intervention of clouds, of a 


light, which I know not whether any man living 
in this or the next age will ever ſee again; and on 
which depends the certain and adequate ſolution of 
a problem the moſt noble, and at any other time 
not to be attained to. I recommend it, therefore, 
again and again, to thoſe curious Aſtronomers, 
who (when I am dead) will have an opportunity 


of obſerving theſe things, that they would remem- 


at R, when ſhe is ſeen from G upon the Sun at T; and the 
lame place muſt be at g, and Venus at r, when ſhe begins to 


leave the Sun at U, as ſeen from g. So that Venus mult move 


from Y to u in her orbit, while ſhe is ſeen to paſs over the Sun 
from Port-Nelſon; from Eto e in paſſing over the Sun, as ſeen 
from the Earth's center; and only from R to 7 while ſhe 
paſſes over the Sun, as ſeen from the banks of the Ganges. 
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ber this my admonition, and diligently apply them- 
felves with all their might to the making this ob- 
ſervation; and I earneſtly wiſh them all imaginable 
ſucceſs; in the firſt place that they may not, by 
the unſealonable obſcurity of a cloudy ſky, be de- 
prived of this moſt deſirable fight ; and then, that 
having aſcertained with more exactneſs the mag- 
nitudes of the planetary orbits, it may redound 
to their immortal fame and glory. 3 
We have now ſhewn, that by this meth 
Sun's parallax may be inveſtigated to within its five 


hundredth part, which doubtleſs will appear won 


derful to ſome, But if an accurate obſervation be 
made in each of the places above marked out, we 
have already demonſtrated that the durations of 
this eclipſe made by Venus will differ from each 
other by 17 minutes of time; that is, upon a ſup- 
poſition that the Sun's parallax i is 122” -  Butif 
the difference ſhall be found by obſervation to be 
greater or Jeſs, the Sun's parallax will be greater 
or leſs, nearly in the ſame proportion. And ſince 
17 minutes of time are anſwerable to 121 ſeconds 
of ſolar parallax, for every ſecond of parallax there 
will ariſe a difference of more than 80 ſeconds of 
time; whence, if we have this difference true to 
two ſeconds, it will be certain what the Sun's pa- 
rallax is to within a 40th part of one ſecond; and 
therefore his diſtance will be determined to within 
its goodth part at leaſt, if the parallax be not 


found leſs than what we have ſuppoſed: for 40 | 


times 12 make 500. a 

And now | think I have explained this matter 
fully, and even more than I needed to have done, 
to thoſe who underſtand Aſtronomy: and I would 
have them take notice, that on this occaſion, I 
have had no regard to the latitude of Venus, both 
to avoid the inconvenience of a more intricate cal- 
culation, which would render the concluſion leſs 


Evident; and alſo becauſe the motion of the 2 
0 


of the Planets from the Sun. 


of Venus is not yet diſcovered, nor can be deter- 
mined but by ſuch conjunctions of the planet with 
the Sun as this is. For we conclude that Venus 
will paſs 4 minutes below the Sun's center, only 
in conſequence of the ſuppoſition that the plane 
of Venus's orbit is immoveable in the ſphere of 
the fixed ſtars, and that its nodes remain in the 
ſame places where they were found in the year 
1639. But if Venus, in the year 1761, ſhould 
move over the Sun in a path more to the ſouth, 
it will be manifeſt that her nodes have moved 
backward among the fixed ſtars; and if more to 
the north, that they have moved forward; and that 
at the rate of 5 minutes of a degree in 100 Julian 
years, for every minute that Venus's path ſhall be 
more or leſs diſtant than the above ſaid 4 minutes 
from the Sun's center. And the difference be- 
tween the duration of theſe eclipſes will be ſome- 
what leſs than 17 minutes of time, on account of 
Venus's ſouth latitude ; but greater if by the mo- 
tion of the nodes forward ſhe ſhould pals on the 
north of the'Sun's center. 

But for the ſake of thoſe, who, though they are 
delighted with ſydereal obſervations, may not yer 
have made themſelves acquainted with the doctrine 
of parallaxes, I chuſe to explain the thing a little 
more fully by a icheme, and alſo by a calculation 
ſomewhat more accurate, 

Let us ſuppoſe that ay London, in the year 17617, 
on the Eth of June, 2/55 minutes after V in the 
morning, the Sun will be in Gemini 15? 37”, and 
therefore that at its center the ecliptic is inclined 
toward the north, in an angle of 6* 10“: and that 
the viſible path of Venus on the Sun's diſc at 
that time declines to the ſouth, making an angle 
with the ecliptic of 8* 28'; then the path of Venus 
will alſo be inclined to the ſouth, with reſpect to 
the equator, interſecting the parallc Is of dech- 


nation 
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nation at an angle of 2* 18'*, Let us alſo ſuppoſe, 
that Venus, at the forementioned time, will be at 
her leaſt diſtance from the Sun's center, viz. only 
four minutes to the ſouth; and that every hour 
ſhe will deſcribe a ſpace of 4 minutes on the Sun, 
with a retrograde motion. The Sun's ſemidiameter 
will be 15 51” nearly, and that of Venus 37“. 
And let us ſuppoſe, for trial's ſake, that the differ- 
ence of the horizontal parallaxes of Venus with the 
Sun (which we want) is 31“, ſuch as it comes out 
if the Sun's parallax be ſuppoſed 123“. Then, 
on the center C (Plate XV, Fig. 2.) let the little 
circle AB, repreſenting the Earth's diſc, be de- 
ſcribed, and let its ſemidiameter CB be 31”; and 
let the elliptic parallels of 22 and 56 degrees of 
north latitude (for the Ganges and Port- Nelſon ) be 
drawn within it, in the manner now uſed by Aftro- 
nomers for conſtructing ſolar eclipſes. Let BCg 
be the meridian in which the Sun is, and to this, 
let the right line F HG, repreſenting the path of 
Venus, be inclined at an angle of 2 1803 and let 
it be diſtant from the center C 240 ſuch parts, 
whereof CB is 31, From C let fall the right line 
CA, perpendicular to FG; and ſuppoſe Venus to 
be at H at 55 minutes after Vin the morning. 
Let the right line F HG be divided into the horary 


ſpaces III IV, IV,V, V VI, &c. each equal to CH; 


that is, to 4 minutes of a degree. Allo, let the 
right line LM be equal to the difference of the 


* This was an overſight in the Doctor, occaſioned by his 
Placing both the Earth's axis BCg (Fig. 2. of Plate XV.) and 
the Axis cf Venus's orbit C Hon the ſame fide of the axis of 
the ecliptic CK; the former making an angle of 69 10' there- 
with, and the latter an angle of 80 28'; the difference of 
which angles is only 20 18'. But the truth is, that the Earth's 
axis, and the axis of Venus's orbit, will then lie on different 
ſides of the axis of the ecliptic, the former making an angle 
of 69 therewith, and the latter an angle of 8:9. Therefore, 
the ſum of theſe angles, which is 144 (and not their differ- 
ence 29187 is the inclination of Venus's viſible path to the 
equator and parallels of declination, 
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apparent ſemidiameters of the Sun and Venus, 
which is 15“ 13z”; and a circle being deſcribed 
with the radius LM, on a center taken in any 

int within the little circle 4 B repreſenting the 
Earth's diſc, will meet the right line FG in a point 
denoting the time at Lenden when Venus ſhall 
rouch the Sun's limb internally, as ſeen from the 
place of the Earth's ſurface that anſwers to the 
point aſſumed in the Earth's diſc. And if a circle 
be deſcribed on the center C, with the radius LM, 
it will meet the right line FG, in the points Fand 
G; and the ſpaces FH and G H will be each equal 


to 14' 4, which ſpace Venus will appear to paſs 


over in 3 hours 40 minutes of time at London; 
therefore, will fall in II hours 15 minutes, and 
Gin IX hours 35 minutes in the morning. Whence 
it is manifeſt, that if the magnitude of the Earth, 
on account of its immenſe diſtance, ſhould vaniſh 
as it were into a point; or, if being deprived of a 
diurnal motion, it ſnould always have the Sun ver- 
tical to the ſame point C; the whole duration of 
this eclipſe would be 7 hours 20 minutes. But the 
Earth in that time being whirled through 110 de- 
grees of longitude, with a motion contrary to the 
motion of Venus, and conſequently the abovemen- 
tioned duration being contracted, ſuppoſe 12 mi- 
nutes, it will come out 7 hours 8 minutes, or 107 
degrees, nearly. 


Now, Venus will be at , at her leaſt diſtance - 


from the Sun's center, when in the meridian of 
the eaſtern mouth of the Ganges, where the altitude 
of the pole 1s about 22 degrees. The Sun there- 
fore will be equally diſtant from the meridian of 
that place, at the moments of the ingreſs and egreſs 
of the planet, viz. 53+ degrees; as the points 4 
and 5 (repreſenting that place in the Earth's diſc 
AB) are, in the greater parallel, from the meridian 
BCg. But the diameter ef of that parallel will be 
to the diſtance 4 ů, as the ſquare of the radius to 
the rectangle under the fines of 534 and 68 de- 

grees; 
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grees; that is, as 1“ 2” to 46" I 3”. And by a 
good calculation (which, that I may not tire the 
reader, it is better to omit) I find, that a circle de- 


ſcribed on à as a center, with the an LM, will 


meet the right line #77 in the point M, at II hours 
20 minutes 40 ſeconds ; but that being deſcribed 
round bas a center, it will meet 7G in the point 
Nat IX hours 29 minutes 22 ſeconds, accordin 

to the time reckoned at London: and therefore, 


Venus will be ſeen entirely within the Sun at the 


banks of the Ganges for 7 hours 8 minutes 42 ſe- 
conds: we have then rightly ſuppoſed, that the 
duration will be 7 hours 8 minutes, ſince the part 
of a minute here is of no conſequence. 

But adapting the calculation to Port- Nelſon, I 

find, that the Sun being about to ſer, Venus will 
enter his diſc; and immediately after his riſing ſhe 
will leave the ſame. Thar place 1s carried in the 
intermediate time through the hemiſphere oppoſite 
to the Sun, from c to 4, "with a motion conſpiring 
with the motion of Venus and therefore, the ſtay 
of Venus on the Sun will be about 4 minutes 
longer, on account of the parallax ; fo that it will 
be at leaſt 7 hours 24 minutes, or 111 degrees of 
the equator, And ſince the latitude of the place 
is 56 degrees, as the ſquare of the radius is to the 
rectangle contained under the fines 553 and 34 
degrees, ſo is A B, which is 17 2”, to cd, which is 
28“ 33”, And if the calculation be juſtly made, 
it will appear that a circle deſcribed on c as a cen- 
ter, with te radius LM, will meet the right line 
FH in O at II hours 12 minutes 45 ſeconds; and 
that ſuch. a circle, deſcribed on d as a center, 
will meet HG in P, at IX hours 36 minutes 37 
ſeconds; and therefore the duration at Port-Nel/on 
will be 7 hours 23 minutes 52 ſeconds, which 1s 
greater than at the mouth of the Ganges by 15 
minutes 10 ſeconds of time. But if Venus ſhould 
pals over the Sun without having any latin, the 
difference would be * minutes 40 ſeconds: and 


if 


a 


* 


of the Planets from the Sun. 


if ſhe ſhould paſs 4 north of the Sun's center, the 
difference would amount to 21 minutes 40 ſeconds, 
and will be ſtill greater, if the planet's north lati- 
tude be more increaſed. 4 

From the foregoing hypotheſis it follows, that 
at London, when the Sun riſes, Venus will have 
entered his diſc z and that, at IX hours 37 minutes 
in the morning, ſhe will rouch the limb of the Sun 
internally in going off; and laſtly, that ſhe will not 
entirely leave the Sun till IX hours 56 minutes. 

It likewiſe follows from the ſame hypotheſis, 
that the center of Venus ſhould juſt touch theSun's 
northern limb in the year 1769, on the third of 
June, at XI o'clock at night. So that, on account 
of the parallax, it will appear in the northern parts 
of Norway, entirely within the Sun, which then 
does not ſet to thoſe parts; while on the coaſts 
of Peru and Chili, it will ſeem to travel over a ſmall 
portion of the dilc of the ſetting Sun, and over 
that of the riſing Sun at the Mo/ucca [/larids, and 
in their neighbourhood. But if the nodes of Ve- 
nus be found to have a retrograde motion (as there 
is ſome reaſon to believe from ſome later obſerva- 

tions they have) then Venus will be ſeen every 
where within the Sun's diſc; and will afford a much 
better method for finding the Sun's parallax, by 
almoſt the greateſt difference in the duration of 
theſe eclipſes that can poſſibly happen. 

But how this parallax may be deduced from 
obſervations made ſomewhere in the Eat-Indies, in 
the year 1761, both of the ingreſs and egreſs of 
Venus, and compared with thoſe made in its going 
off with us, namely, by applying the angles of a 
triangle given in ſpecie to the circumference of 
tiree equal circles, ſhall be explained on ſome 
other occaſion. | 


+ 
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The Method of finding the Diſtances 
ARTICLE Iv. 


Shewing that the whole method propoſed by the Doctor 
cannot be put in practice, and why. 


259. In the above Diſſertation, the Doctor has 
explained his method with great modeſty, and even 
with ſome doubtfulneſs with regard to its full ſue- 
ceſs. For he tells us, that by means of this tranſit, 
the Sun's parallax may only be determined within 
its five hundredth part, provided it be not leſs than 
122”; that there may be a good obſervation made 
at Port-Nelſon, as well as about the banks of the 
Ganges; and that Venus does not paſs more than 4 
minutes of a degree below the center of the Sun's 
diſc.Hc has taken all proper pains not to raĩſe our 
expectations toohigh, and yet, from his well-known 
abilities, and character as a great Aſtronomer, it 
ſeems mankind in general have laid greater ſtreſs 
upon his method, than he ever deſired them to do. 
Only, as he was convinced it was the beft method 
by which this important problem can ever be 
folved, he recommended it warmly for that reaſon, 
He had not then made a ſufficient number of ob- 
ſervations, by which he could determine, with cer- 
tainty, whether the nodes of Venus's orbit have any 


motion; or if they have, whether it be back- ? 
ward or forward with reſpect to the ſtars, And 
conſequently, having not then made hisown tables, 
he was obliged to calculate from the beſt that he 
could find. But thoſe tables allow of no motion to 
Venus's nodes, and alſo reckon her conjunction 


with the Sun to be about half an hour too late. 


28. But more modern obſervations prove, that 
the nodes of Venus's orbit have a motion back- 
ward, or contrary to the order of the ſigns, with 4 
reſpect to the fixed ſtars. And this motion is al- 
lowed for in the Doctor's tables, a great part | 
of which were made from his own obſervations. } 
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of the Planets from the dun. 


And it appears by theſe tables, that Venus will be 
ſo much farther paſt her deſcending node at the 
time of this tranſit, than ſhe was paſt her aſcending 
node at her tranſit in November, 1639; tliat inſtead 
of paſſing only four minutes of a degree below the 
Sun's center in this, ſhe will paſs almoſt 10 minutes 
of a degree below it: on which account, the line 
of her tranſit will be ſo much ſhortened, as will 
make her paſſage over the Sun's diſc about an 
hour and 20 minutes leſs than if ſhe paſſed only 
4 minutes below the Sun's center at the middle of 
her tranſit, And therefore, her parallax from the 
Sun will be ſo much diminrſhed, both at the be— 
ginning and end of her tranſit, and at all places 
from which the whole of it will be ſeen, that the 
difference of its durations, as ſeen from them, and 
as ſuppoſed to be ſeen from the Earth's center, will 
not amount to 11 minutes of time. 

29. But this is not all: for although the tranſit 
will begin before the Sun ſets to Port- Melſon, it will 
be quite over before he riſes to that place next 
morning, on acconnt of its ending ſo much ſooner 
than as given by the tables to which the Doctor 
was obliged to truſt, So that we are quite de- 
prived of the advantage that otherwiſe would have 
ariſen from obſcrvations made at Port- Nelſon. 

30. In order to trace this affair through all its 
intricacies, and to render it as intelligible to the 
reader as I can, there will be an unavoidable ne- 
ceſſity of dwelling much longer upon it than Icould 
other wiſe wiſh. And as it is impoſſible to lay 
down truly the parallels of latitude, and the ſitua- 
tions of places at particular times, in ſuch a ſmall 
diſc of the Earth as muſt be projected in ſuch a 
lort of diagram as the Doctor has given, ſo as to 
neaſure thereby the exact times of the beginning 
and ending of the tranſit at any given place, unleſs 
tne Sun's diſc be made at leaſt 3o inches diameter 
In the projection, and to which the Doctor did not 
aue truſt without making ſome calculations; I 

Y H h 2 ; ſhall 


a * 
The Method of finding the Diſtances 
ſhall take a different method, in which the Earth's 


diſc may be made as large as the operator pleaſes: . 


but if he makes ir only 6 inches in diameter, he 
may meaſure the quantity of Venus's parallax from 
the Sun upon it, both in longitude and latitude, 
to the fourth part of a ſecond, for any given time 
and place; and then, by an eaſy calculation in the 
common rule of three, he may find the effect of 
the parallaxes on the duration of the tranſit. In 
this, I ſhall firſt ſuppoſe with the Doctor, that the 
Sun's horizontal parallax is 1247 and conſequently, 
that Venus's horizontal parallax from the Sun is 
31”, And after projecting the tranſit, ſo as to find 
the total effect of the parallax upon its duration, 
I ſhall next ſhew how nearly the Sun's real parallax 
may be found from the obſerved intervals between 


the times of Venus's egreſs from the Sun, at par- 


ticular places of the Earth; which is the method 
now taken both by the Engliſb and French Aſtro- 
nomers, and is a ſurer way whereby to come at the 
real quantity of the Sun's parallax, than by obſerv- 
ing how much the whole contraction of duration 
of the tranſit is, either at Bencoolen, Batavia, or 
Pondicherry. 


reit v. 


Shewing how to projet? the tranſit of Venus on the dun 


aiſc, as ſeen from different places of the Earth; ſo as 


zo find what its vifible duration muſt be at any given 


place, according to auy aſſumed parallax of the Sun; 


and from the obſerved intervals between the times of 


Venus's egreſs from the Sun at particular places, ti 
fund the Sun's true horizontal parallax. 


31. The elements for this projection are as fol- 

lows : 

I. The true time of conjunction of the Sun and 
Venus; which, as ſeen from the Earth's center, 
and reckoned according to the equal time at 

| 11 London, 
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of the Planets from the Sun. 


London, is on the 6th of June 1761, at 46 mi- 


nutes 17 ſeconds after V inthe morning, accord- 
ing to Dr. HaLLey's tables. 

II. The geocentric latitude of Venus at that time, 
9 43” louth. | 

III. The Sun's ſemidiameter, 15“ 50”. 

IV. The ſemidiameter of Venus (from the Doctor's 
Diſſertation) 371“, 

V. The difference of the ſemidiameters of the 
Sun and Venus, 15'12z”, 

VI. Their ſum, 160274“. 

VII. The viſible angle which the tranſit- line makes 
with the ecliptic, 8* 31'; the angular point (or 
deſcending node) being 1* 6' 18” eaſtward from 
the Sun, as ſeen from the Earth; the deſcend- 
ing node being in 7 14 29 37”, as ſeen from 
the Sun; and the Sun in n 15* 35 55”, as 

| ſeen from the Earth. | 

VIII. The angle which the Axis of Venus's viſible 
path makes. with the axis of the ecliptic, 89 31“; 
the ſouthern half of that axis being on the leſt 
hand (or eaſtward) of the axis of the ecliptic, 
as ſeen from the northern hemiſphere of the 
Earth, which would be to the right hand, as 
ſeen from the Sun, 

IX. The angle which the Earth's axis makes with 
the axis of the eclipric, as ſeen from the Sun, 
6 the ſouthern half of the Earth's axis lying 
to the right hand of the axis of the ecliptic, in 
the projection, which would be to the left hand, 
as ſeen from the Sun. | | 

X. The angle which the Earth's axis makes with 
the axis of Venus's viſible path, 14* 31'; viz. 
the ſum of N* VIII. and IX. | 

XI. The true motion of Venus on the: Sun, given 
by the tables as if it were ſeen from the Earth's 
center, 4 minutes of a degree in 60 minutes of 
came, 


Hk4 32. Theſe * 
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32. Theſe elements being collected, make a 
ſcale of any convenient length, as that of Fig. 1. 
in Plate XVI. and divide it into 17 equal parts, 
each of which ſhall be taken for a minute of a de- 
gree; then divide the minute next to the left 
hand into 60 equal parts for ſeconds, by diagonal 


lines, as in the figure. The reaſon for dividing | 


the ſcale into 17 parts or minutes is, becauſe the 
ſum of the ſemidiameters of the Sun and Venus 
exceeds 16 minutes of a degree. See N* VI, 


33. Draw the right line ACG (Fig. 2.) for a 


ſmall part of the ecliptic, and perpendicular to it 
draw the right line CV E for the axis of the ecliptic 
on the ſouthern half of the Sun's diſc, 

34. Take the Sun's ſemidiameter, 157 50”, from 
the ſcale with your compaſſes ; and with that ex- 
tent, as a radius, ſet one foot in C as a center, 
and deſcribe the ſemicircle AEG for the ſouthern 
half of the Sun's diſc; becauſe the tranſit is on 
that half of the Sun. | 

35. Take the geocentric latitude of Venus, 9 
43", from the ſcale with your compaſſes; and ſer 
that extent from Cto v, on the axis ot the ecliptic; 
and the point v {hall be the place of Venus's cen- 
ter on the Sun, at the tabular moment of her con- 
junction with the Sun. . 

36. Draw the right line CBD, making an angle 
of 80 31“ with the axis of the ecliptic, toward 
the left hand; and this line ſhall repreſent the axis 
of Venus's geocentric viſible path on the Sun. 

37. Through the point of the conjunction v, in 
the axis of the ecliptie, draw the right line gr for 
the geocentric viſible path of Venus over the Sun's 


dilc, at right angles to CBD, the axis of her orbit, 
which axis will divide the line of her path into 


two equal parts t and Ex. 


38. Take Venus s horary motion on the Sun, 


4", from the ſcale 


ith your compaſſes; and with 


Lhat extent make marks along the tranſit line 27. 


Ihe equal ſpaces, from mark to mark, ſhew how 
0 much 
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of the Planets from the Sun, 


much of that line Venus moves through in each 
hour, as ſeen from the Earth's center, during her 
continuance on the Sun's diſc, 

39. Divide each of theſe horary ſpaces, from 
mark to mark, into 60 equal parts for minutes of 
time; and ſet the hours to the proper marks in ſuch 
a manner, that the true time of conjunction of the 
Sun and Venus, 461 minutes after Vin the morn- 
ing, may fall into the point v, where the tranſit- 
line cuts the axis of the ecliptic. So the point v 
ſhall denote the place of Venus's center on the 
Sun, at the inſtant of her ecliptical conjunction 
with the Sun, and ? (in the axis Cr of her orbit) 
will be the middle of her tranſit; which is at 24 
minutes after V in the morning, as ſeen from the 
Earth's center, and reckoned by the equal time at 
London. 1 


40. Take the difference of the ſemidiameters of 


from the ſcale; and with that extent, ſetting one 
foot in the Sun's center C, deſcribe the arcs Nand 
T with the other, croſſing the tranſit-line in the 
points kx and /; which are the points on the Sun's 
diſc that are hid by the center of Venus at the mo- 
ments of her two internal contatts with the Sun's 
I; ab or edge, ar M and N: the former of theſe is 
the moment of Venus's total ingreſs on the Sun, 
as ſeen from the Earth's center, which is at 28 
minutes after II in the morning, as reckoned at 
London: and the latter is the moment when her 
egreſs from the Sun begins, as ſeen from the Earth's 
ccater, which is 20minurtes after VIII in the morn- 
ing at London, The interval between theſe two 
contacts is 5 hours 52 minutes. | 


41. The central ingreſs of Venus on the Sun is 


the moment when her center is on the Sun's eaſtern 


limb at a, which is at 15 minutes after II in the 


morning; and her central egreſs from the Sun is 
the moment when her center is on the Sun'sweſtern 
limb at w; which is at 33 minutes after VIII in 


H h 4 the 


the Sun and Venus, 15 127, in your compaſſes 
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the morning, as ſeen from the Earth's center, and 
reckoned according to the time at London. The 
interval between theſetimes is 6 hours 18 minutes, 

42. Take the ſum of the ſemidiameters of the 
Sun and Venus, 16' 27%, in your compaſſes from 
the ſcale; and with that extent, ſetting one foot in 
the Sun's center C deſcribe the arcs 2 and R with 
the other, cutting the tranſit- line in the points g and 
7, which are the points in open ſpace (clear of the 
Sun) where the center of Venus is, at the moments 
of her two external contacts with the Sun's limb 
at & and V or the moments of the beginning and 
ending of the tranſit, as ſeen from the Earth's cen- 


ter; the former of which is at 3 minutes after II in 


the morning at London, and the latter at 45 mi- 
nutes after VIII. The interval between theſe mo- 
ments is 6 hours 42 minutes. 

43. Take the ſemidiameter of Venus 37“, in 


your com: aſſes from the ſcale: and with that cx- 


tent as a radius, on the points 9, &, t, l. r, as cen- 


ters, deſcribe the circles HS, MI, OF, PN, V, 


for the diſc of Venus, at her firſt contact at $, her 
total ingreſs at M, her place on the Sun at the 


middle of her tranſit, her beginning of egreſs at N, 


and her laſt contact at . 


44. | hoſewho have a mind to project the Earth's 


diſc on the Sun, round the center C. and to lay 
down the parallelgof latitude and fit \uations of places 
thereon, ac. ording to Er. F aLLEy's method, may 
draw Cf for the axis of the arth, produced to the 
ſouthern edge of the Sun at F, and making an 
angle & Cf of be with the axis of the ecliptic CE 
but he will find it very difficult and uncertain to 


mark the places on that diſc, unleſs he makes the 


Sun's ſemid ameter AC +5 inches at leaſt: other- 
wiſe the line Cf is of no ule at all in this projec- 
tion.— The following method is better. 

45 In Fig. 3. of Plate XVI. make the line AB 
of any convenient lepgth, and divide it into 31 
equal parts, each of which mayh be taken fora ſecond 


of 


* 


of the Planets from the Sun. 


of Venus's parallax either from or upon the Sun 

f (her horizontal parallax from the Sun being ſup- 

N poſed to be 51“); and taking the whole length 

i AB in your compaſſes, ſet one foot in C (Fig. 4.) 

as a center, and deſcribe the circle AE BD for the 
Farth'senlightendeddiſc, whoſe diameter is 62“, or 

double the horizontal parallax of Venus from the 

| Sun. In this diſc, draw ACB for a ſmall part of 
1 the ecliptic, and at right angles to it draw ECD 
| for the axis of the ecliptic. Diaw allo NCS both 

for the Earth's axis and univerſal ſolar meridian, 

| making an angle of b with the axis of the ecliptic, 
as ſeen from the Sun; HC for the axis of Venus's 

orbit, making an angle of »® 31* with E CD, the 

axis of the ecliptic; and laltly, /CO for a ſmall 

part of Venus's orbit, at right angles to its axis. 

46. This figure repreſents the Earth's enlight- 
ened diſc, as {een from the Sun at the time of the 
tranſit. The parallels of latitude of London, the 
| ealtern mouth of the Ganges, Bencoolen, and the 
. iſland of St. Helena, are laid down in it, in the 
| ſarne manner as they would appear to an abſerver 
on the Sun, if they were really drawn in circles on 
the Earth's ſurface (like thoſe on a common ter- 
| * re{trial globe) and could be viſible at ſuch a diſ- 
tance. The method of delineating thele parallels 
js the ſameas already defcribedin the XIX th Chap- 
ter, for the conſtruction of ſolar eclipſes. 

47. 1 he points where the curve-lines (called 
$ hour-circles) XI N, XM, &c. cut the parallels of 
I latitude, or paths of the four places above men- 

tioned, are the points at which the places them- 

ſelves would appear in the diſc, as ſeen from the 

Sun, at theſe hours reſpectively, When either 
places comes tc tar folar meridian VC by the 

Eaith's rotation on Its axis, it is noc a at that place; 

and the difference, in abſolute time, between the 

noon at that place and the noon at any other place, 
is in proportion to the difference ot longitude of 

theſe two places, reckoning one hour for every 15 

| degrees 
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degrees of longltude, and 4 minutes for each de- 
gree : adding the time if the longitude be 
but ſubtracting it if the longitude | be weſt. 

48. The diſtance of either of theſe places from 
HCI (the axis of Venus's“ orbit) at any hour or 
part of an hour, being meaſured upon the ſcale 


AB in Fig. 3. will be çqual to the parallax of 0 


Venus from the Sun in the direction of her path; 


and this parallax, being always contrary to the po- $ 


ſition of the place, is eaſtward as long as the place 
keeps on the left hand of the axis of the orbit of 


Venus, as ſeen from the Sun; and weſtward when 3 


the place gets to the right hand of that axis. So 
that, to all the places which are poſited in the he- 
miſphere HV of the diſc, at any given time, 
Venus has an eaſtern parallax; but when the 
Farth's diurnal motion carries the ſame places into 
the hemiſphere HO, the parallax of Venus 18 
eſtward. | 
49. When Venus has a parallax toward the eaſt, 

as ſcen from any given place on the Earth's ſur- 
face, either at the time of her total ingreſs or be- 
g1nn1ng of egrels, as ſcen from the Farth's center ; ; 
add the time anfwering to this parallax to the time 
of ingreſs or egreſs at the Earth's center, and the 
ſum will be the time, as een from the given place 

on the Earth's ſur face: but when the parallax | E 
weſtward, ſubtract the time an{wering to this paral- 
lax from the time of total ingreſs or beginning of 
egrels, as {cen from the Earth $ Center, and the re- 
mainder, will be the time, as ſcen "Mak the given 
place on the fu: face, ſo "Ha as it is affected by this 
parallax, — The reaton of this is plain to every one 


e 


* In a former edi ion of this, | made a miſtake, in takirg 
the parailax 1 in lonpitude iuſtlead of the parallax 1 in the dizec- 
tion of the orbit of Veuus ; and the parallax in latitude u- 
fiead of the parallax in lines perpendicular to her orbit. — But 
in this edition, thete errors are cotrected; which make ſome 
imzil differences in the quantities of the paratlaxes, and in 
the times depending on them; as will appear by comparing 
then in hls Mich choſe ja the former edition. 
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ſouth fide of the plane of her orbit / CO on the 


. Jax 1s always contrary to the ſituation of the place on 
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of the Planets from the Sun, 


who cenſiders, that an eaſtern parallax keeps the 
lanet back, and a weſtern parallax carries it for- 
ward, with reſpect to its true place or poſition, at 
any inſtant of time, as ſeen from the Earth's center. 
50. The neareſt diſtance of any given place from 
VCO, the plane of Venus's orbit at any hour or 
part of an hour, being meaſured on the ſcale 4B 
in Fig. 3. will be equal to Venus's parallax in lines 
perpendicular to her path ; which 1s northward 
from the true line of her path on the Sun, as ſeen 
from the Earth's center, if the given place be on the 


Earth's diſc; and the contrary, if the given place 
be on the north ſide of that plane; that is, the paral- - 


the Earth's diſc, with reſpect to the plane of Ve- 
nus's orbit on it. | 

51. As the line of Venus's tranſit is on the 
ſouthern hemiſphere of the Sun's diſc, it is plain 
that a northern parallax will cauſe her to deſcribe 
a longer line on the Sun, than ſhe would if ſhe 
had no ſuch. parallax ; and a fouthern parallax will 
cauſe her to deſcribe a ſhorter line on the Sun, than 
if ſhe had no ſuch parallax.—And the longer this 
line is, the ſooner will her total ingreſs be, and the 
ater will be her beginning of egreſs; and juſt the 
contrary, if the line be ſhorter, But to all places 


in the hemiſphere YHO, the parallax in lines per- 
pendicular to her orbit is ſouth; and to all places 
ſituated on the ſouth fide of the plane of her orbit, 
in the hemiſphere JO, this parallax is north, 
Jherefore, the line of the tranſit will be ſhorter 
to all places in the hemiſphere Y HO, than it 
will be, as ſeen from the Earth's center, where 
there is no parallax; and longer to all places in 
the hemiſphere / 7O. So that the time anſwering 
to this parallax mult be added to the time of total 
ingrets,as ſecn from the Earth'scenter, and ſubtract- 
cd from the beginning of egreſs, as ſcen from the 
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 Farth's center, in order to have the true time of + 
total ingreſs and beginning of egreſs as ſeen from 


places in the hemiſphere / HO: and juſt the reverſe 
for places inthe hemiſphere YO. It was proper to 
mention theſe circumſtances, for the reader's more 
eaſily conceiving the reaſon of applying the times 
anſwering to theſe parallaxes in the ſubſequent part 
of this article: for it is their ſum in ſome caſes, 
and their difference in others, which being applied 
to the times of total ingreſs and beginning of 


egreſs, as ſeen from the Earth's center, that will 
give the times of theſe phenomena as ſeen from 


given places on the Earth's ſurface, 

52. The angle which the Sun's ſemidiameter 
ſubtends, as ſeen from the Earth, at all times of 
the year, has been ſo well aſcertained by late ob- 
ſervations, that we can make no doubt of its being 
15 50” on the day of the tranſit; and Venus's lati- 


tude has alſo been ſo well aſcertained at many dif- 


ferent times of late, that we have very good rea- 
ſon to believe it will be 97 43“ ſouth of the Sun's 
center, at the time of her conjunction with the 
Sun. If then her ſemidiameter at that time be 


371 (as mentioned by Dr. HALLEVY) it appears 


by the projection (Fig. 2.) that her total ingreſs on 


the Sun, as ſeen from the Earth's center, will be 


at 28 minutes after II in the morning (§ 40.), and 
her beginning of egreſs from the Sun will be 20 
minutes after VIII, according to the time reckon- 
ed at London. 

53. As the total ingreſs will not be viſible at 
London, we ſhall not here trouble the reader about 
Venus's parallax at that time.—But by projecting 
the ſituation of London on the Earth's diſc (Fig. 4.) 
for the time when the egrels begins, we find it will 
then be art /, as ſeen from the Sun. 

Draw Id parallel to Venus's orbit /CO, and 2 
perpendicular to it: the former 1s Venus's caſtern 
parallax in the direction of her path at the begin- 
ning of her egreſs from the ſun, and the * 1s 

cr 
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her ſouthern parallax in a direction at right angles 


to her path ar the ſame time, Take theſe in your 


compaſſes, and meaſure them on the ſcale A B 
(Fig. 3.) and you will find the former parallax to 
„A, and the latter 21%. 

54. As Venus's true motion on the Sun is at the 
rate of 4 minutes of a degree in 60 minutes of 
time (See No XI. of F 31.) ſay, as 4 minutes of a 
degree is to 60 minutes of time, fo is 10% of a 
degree to 2 minutes 41 ſeconds of time; which 


being added to VIII hours 20 minutes (becauſe 


this parallax is eaſtward, I 49.) gives VII! hours 


22 minutes 41 ſeconds, for the beginning cf egrefs 
at London, as affected only by this parallax, —But 
as Venus has a ſouthern parallax at that time, her 
beginning of egreſs will be ſooner; for this parallax 
ſhortens the line of her viſible tranſit at London, 
55. Take thediſtance C (Fig. 2.), or neareſt ap- 
proach of the centers of the Sun and Venus, in your 
compaſſes, and mea{ure it on the ſcale (Fig. 1.), 
and it will be found to be 9 36%; and as the pa- 
rallax of Venus from the ſun in a direction which is 
at ght angles to her path is 217% ſouth, add it to 
9 , and the ſum will be 9 58"; which is to 
be taken from the ſcale in Fig. 1. and ſet from C 
to L in Fig. 2. And then, if a line be drawn pa- 
rallel rol, it will terminate at the point p in the are 


7, where Venus's center will be at the beginning of 


her egreſs, as {een from London. But as her center 
is at / when her egreſs begins as ſcen from the 
Earch's center, take Lp in your compaſſes, and 
ſerting that extent from:? toward / on the central 
tranſit-line, you will find it to be 5 minutes ſhorter 
than ?/:therefore{ubtratt minutes from III hours 
22 minutes 41 ſeconds, and there will remain VIII 


*The reaſon why the line eL, a BB. ct, an? rh, which are 
the viſible tranſits at London, the Ganges mouth, Bencoolen, and 
Se. Helena, are not parallel to the central tranſit line ktl, is, 
becauſe the parallaxes in latitude are different at the times of 
ingreſs and egreſs, as ſeen from each of theſe places, The 


method of drawing theſe lines will be ſhewa by and by. 
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hours 17 minutes 41 ſeconds for the viſible 5egin- 
ning of egreſs in the morning at London. 

56. At V hours 24 minutes (which is the mid- 
dle of the tranſit, as ſeen from the Earth's center) 
London will be at Lon the Earth's diſc (Fig. 4.) 
as ſeen from the Sun. The parallax La of Venus 
from the Sun in the direction of her path is then 
12”. ; by which, working as above directed, we 
find the middle of the tranſit, as ſeen from London, 
will be at V hours 20 minutes 53 ſeconds. — This 
is not affected by [7 the parallax at right angles to 
the path of Venus. — But L meaſures 27” on the 
ſcale AB (Fig. 3.): therefore take 27“ from the ſcale 
in Fig. 1. and ſet it from 7 to L, on the axis of 
Venus's path in Fig. 2. and laying a ruler to the 
point Z, and the above found point of egreſs p, draw 
L p for the line of the tranſit as ſeen from London. 

57. The eaſtern mouth of the river Ganges is 89 
degrees eaſt from the meridian of London; and 
therefore, when the time at London 1s 28 minutes 
after II in the moring ( 40.) it 1s 24 minutes paſt 
VIII in the morning (by § 47) at the mouth of 
the Ganges; and when it is 20 minutes paſt VIII 
in the morning at London (& 40.) it is 16 minutes 
paſt II in the afternoon at the Ganges. Therefore, 
by projecting that place vpon the Earth's diſc, as 
ſeen from the Sun, it will be at G (in Fig. 4.) at 
the time of Venus's total ingrels, as ſeen from the 
Earth's center, and at g when her egreſs begins. 

Draw Ge and g7 parallel to the orbit of Venus 
(O, and meaſure them on the ſcale AB in Fig. 3, 

the former will be 21” for Venus's eaſtern parallax 
in thedirection of her path, at the above-mentioned 
time of her total ingrels, and the latter will be 16“ 
for her weſtern parallax at the time when her egreſs 
begins. — The former parallax gives 5 minutes 15 
ſeconds of time (by the analogy in SF 54.) to be 
added to VIII hours 24 minutes, and the latter pa- 
rallax gives 4 minutes 11 feconds to be ſubtracted 
from 11 hours 16 minutes; by which we have VIIL 
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hours 29 minutes 15 ſeconds, for the time of total 
ingreſs, as ſeen from the banks of the Ganges, and IT 
hours 11 minutes 49 ſeconds for the beginning of 
egreſs, as effected by theſe parallaxes. 

Draw Gf perpendicular to Venus's orbit OC, 


and by meaſurement on the icale AB (Fig. 3.) it 


will be found to contain 10”: take 10” from the 
ſcale in Fig. 1. and find, by trials, a point c, in the 
arc N, where, if one foot of the compaſſes be 
placed, the other will juſt touch the central tran- 
ſit line &/. Take the neareſt diſtance from this point 
c to CL, the axis of Venus's orbit, and applying 
it from f toward &, you will find it fall a minute 
ſhort of &; which ſhews, that Venus's parallax 
in this dirction ſhortens the beginning of the line 
of her viſible tranſit at the Ganges by one minute 
of time. Therefore, as this makes the viſible in- 
greſs a minute later, add one minute to the above 
VIII hours 29 minutes 15 ſeconds, and it will give 
VIII hours 30 minues 15 ſeconds for the time of 
total ingreſs in the morning, as ſeen from the eaſ- 
tern mouth of the Ganges. At the beginning of 
egreſs, the parallax gp in the ſame direction is 22 


(by meaſurement on the ſcale AB), which will pro- | 


tract the beginning of egrels by about 30 ſeconds 
of time, and muſt therefore be added to the above 
II hours 11 minutes 49 ſeconds, which will make 
the viſible beginning of egreſs to be at II hours 12 
minutes 19 ſeconds in the afternoon. 
58. Bencbolen is 102 degrees eaſt from the meri- 
dian of London; and therefore, when the time 18 


25 minutes palt II in the morning at London, it is 


16 minutes paſt IX in the morning at Bencoolen ; 
and when it is 20 minutes paſt VIII in the morn- 
ing at London, it is 8 minutes paſt III in the after- 
noon at Bencoolen. Therefore, in Fig. 4. Bencoolen 
will be at Bart the time of Venus's total ingreſs, as 


ſeen from the Earth's center; and at & when her 
egreſs begins. 
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Draw i and 3 & parallel to Venus's orbit YCO, 
and meaſure chem on the ſcale : the former will be 
found to be 22” for Venus's caſtern parallax in the 


direction of her path at the time of her total in- 
greſs; and the latter to be 19“ for her weſtern 


parallax in the ſame direction when her egreſs be- 


gins, as ſeen from the Earth's center. The firſt of 
thete parallaxes gives 5 minutes 30 ſeconds (by the 
analogy in & 54.) to be added to IX hours 16 mi- 
nutes, and the latter parallax gives 4 minutes 52 ſe- 
conds to be ſubtracted from III hours 8 minutes; 
whence we have IX hours 21 minues 30 ſeconds 
for the time of total ingreſs at Bencoolen : and III 
hours and 3 minutes $ ſeconds for the time when 
the egreſs begins there, as affected by theſe two 
parallaxes. 

59. Draw By and 5 #7 dernen dende to Venus's 
orbit CO, and meaſure them on the ſcale A B: the 
former will be 5“ for Venus's northern parallax in 
a direction perpendicular to her path, as ſeen from 
Benccolen, at the time of her total ingreſs; and the 
latter will be 15”; for her northern parallax in that 
direction when her egreſs begins. Take theſe pa- 
rallaxes from the ſcale, Fig. 1. in your compaſſes, 
and find, by trials, two points in the ares & and 7 
(Fig. 2 ) where if one foot of the compaſſes be 
placed, the other will touch the central tranſit line 
k I: draw a line from a to ?, for the line of Venus's 
tranſit as ſeen from Beucoolen; the center of Venus 
being at a, as ſeen from Bencoolgn, at the moment 
of her total ingreſs; and at at the moment when 
her egreſs begins. 

But as ſeen from the Earth's center, the center 
of Venus is at k in the former cale, and at / in the 
latter: ſo that we find the line of the tranſit is 
longer as {cen from Bencoo.en than as ſeen from the 
E. arch s center, which is the effect of Venus's nor- 
thern parallax.— Fake h 4 in your compaſſes, and 
ſetting that extent backward from 7 toward g, on 
the central tranſit-line, you will find it will reach 
two minutes beyond : and taking the extent B 5 
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in your compaſſes, and ſetting it forward from ? to- 
ward w, on the central tranſit- line, it will be found 
to reach 3 minutes beyond /. Conſequently, if we 
ſubtract 2 minutes from IX hours 21 minutes 30 
ſeconds (above found), we have IX hours 19 mi- 
nutes 3o ſeconds, in the morning, for the time of 
total ingreſs, as ſeen from Bencoolen: and if we add 
3 minutes to the above found III hours 3 minutes 
8 ſeconds, we ſhall have III hours 6 minutes 8 ſe— 
conds afternoon, for the time when the egreſs be- 
gins, as ſeen from Bencoolen. 

60. The whole duration of the tranſit, from the 
total ingreſs tothe beginning of egreſs, as ſeen from 
the Earth's center, is 5 hours 52 minutes (by 40.) 
but the whole duration from the total ingreſs to the 
beginning of egreſs, as ſeen from Benccolen, is only 
5 hours 45 minutes 38 leconds; which is 5 minutes 


22 leconds leſs than as ſeen from the Earth's cen- 


ter: and this 5 minutes 22 ſeconds is the whole 
effect of the parallaxes (both in longitude and lati- 
tude) on the duration of the tranſit at Bencoolen. 
But the duration, as ſeen at the mouth of the 
Ganges, fi from ingrels to egreſs, is ſtill leſs; for ic 
is only 5 hours 42 minutes 4 ſeconds: which is 


minutes 56 ſeconds leſs than as ſeen from the 


Earth's center, and 4 minutes 34 ſeconds leſs than 
as ſeen at Bencoolen, 

61. The iſland of Sf. Helena (to which 2 A 
ſmall part of the tranſit is viſible at the end) will 
be at H (as in Fig. 4.) when the egreſs begins as 
ſeen from the Earth's center. And fince the mid- 


dle of that iſland is 6? weſt from the meridian of 


London, and the ſaid egreſs begins when the time 
at London is 20 minutes paſt VIII in the morning, 
it will then be only 56 minutes paſt VII in the 
morning at & Helena. 

Draw In parallel to Venus's orbit CO, and 


Zo perpendicular to it; and by meaſuring them on 


the tcale A B (Fig ig. 3.) the former will be found to 


amount to 29 for Venus's caſtern parallax in the 
11 direction 
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direction of her path, as ſeen from Se. Helena, when 
her egreſs begins, as ſeen from the Earth's center; 
and the latter to be 6“ for her northern parallax in 
a direction at right angles to her path. 


By the analogy in & 54, the parallax in the direca 


tion of the path of Venus gives 10 minutes 2 ſe- 
conds of time; which being added (on account of 
its being eaſtward) to VII hours 56 minutes, gives 
VIII hours 6 minutes 2 ſeconds for the beginning 
of egreſs at St. Helena, as affected by this parallax. 
Hut 6” of parallax in a perpendicular direction to 
her path (applied as in the caſe of Bencoolen) length- 
ens out the end of the tranſit- line by one minute; 
which being added to VIII hours 6 minutes 2 ſe— 
conds, gives VIII hours 7 minutes 2 ſeconds for the 
beginning of egreſs, as ſeen from Sr. Helena. 
62. We ſhall now collect the above-mentioned 
times into a ſmall table, that they may be ſeen at 
once, as follows: M ſignifies morning, Aafternoon. 
Total ingreſs. Beg. ofegreſs. Duration. 

H. M. 8. H. M. 8. H. M. 8. 


The Earth's center II. 28 OM VIII 20 o; 52 of 
Kae - - loviſible. WMVIIII7 41 Mj— — — 


<© © The Ganges mouth VIII 30 :5M|IL 12 194; 42 4 
1 IX 19 30% III 6 845 46 38 


St. Helena - = Inviſible, M{VIII 7 2M! 


63. The times at the three laſt-mentioned places 


are reduced to the meridian of London, by ſub- 


tracting 5 hours 56 minutes from the times of in- 
greſs and egreſs at the Ganges; 6 hours 48 mi— 
nutes from the times at Bencoolen; and adding 24 


* This duration, as ſeen from the Earth's center, is on ſup— 
poſition that the ſemidiameter of Venus would be found equal 
to 37", on the Sun's diſc, as ſtated by Dr. Halley (ſee Art. V. 
$ 31 ) to which all the other durations are accommodated. —» 
But, from later obſervaiions, is is highly piohable, that the 
ſemidiameter of Venus will be found not to exceed 30” on the 
Sun; and if ſo, the duration between the two internal con— 
tacte, as ſeen from the Earth's center, will be 5 hours 58 
minutes; and the duration, as ſœn from the above mentioned 
places, will be lengthened very nearly 1a the ſame proportion. 
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minutes to the time of beginning of egreſs at 


St. Helena: and being thus reduced, they are as 
follows: 


Total ingreſs. Beg. of egreſo. 
5 H. M. 8. H. M. 8. 
Times at 157 mouth II 34 15M } VIII 16 Tue ion 


London J Bencoolen - II 31 30M | VIIL18 8M tions as 
ſor St. Helena InviltibleM | above. 


VIill 31 2M 
64. All this is on ſuppoſition, that we have the 
true longitudes of the three laſt-mentioned places, 
that the Sun's horizontal parallax is 12” that the 
true latitude of Venus is given, and that her ſemi- 
* will ſubtend an angle of 37“ on the Sun's 
iſc. | 8 | 

As for the longitudes, we muſt [uppoſe them 
true, until the obſervers aſcertain them, which is 
a very important part of their buſineſs; and with- 
out which they can by no means find the interval 
of abſolute time that elapſcth between either the 
ingreſs or egreſs, as ſeen from any two given places: 
and there is much greater dependance to be had 
on this elapſe, than upon the whole contraction of 
duration at any given place, as it will undoubtedly 
afford a ſurer baſis for determining the Sun's pa- 
rallax. 

65. I have good reaſon to believe, that the lati- 
tude of Venus, as given in 31, will be found by 
| obſervation to be very near the truth; but that the 
time of conjunction there mentioned will be found 
later than the true time by almoſt g minutes; that 
Venus's ſemidiameter will ſubtend an angle of no 
more than 30“ on the Sun's diſc; and that the 
middle of her tranſit, as ſeen from the Earth's 
center, will be at 24 minutes after V in the morn- 
ing, as reckoned by the equal time at London. 

66. Subtract VIII hours 17 minutes 41 {econds, 
the time when the egreſs begins at London, from 
VIIIhours 31 minutes 2 ſeconds, the time reckoned 
at London when the egreſs begins at St. Helena, and 

BE. there 
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there will remain 13 minutes 21 ſeconds (or 801 
ſeconds) for their difference, or elapſe, in abſolute 


time, between the beginning of egreſs, as ſeen from 


theſe two places. 

Divide 801 ſeconds by the Sun's parallax 122, 
and the quotient will be 64 ſeconds and a ſmall 
fraction. So that for each ſecond of a degree in 
the Sun's horizontal parallax (ſuppoling it to be 

12%) there will be a difference or clapſe of 64 ſe- 
* of abſolute time between the beginning of 
egreſs as ſeen from London, and as ſeen from St. 
Helena; ; and conſequently 32 ſeconds of time for 
every half ſecond of the Sun's parallax ; 16 ſeconds 
of time for every fourth part of a ſecond of the 
Sun's parallax; 8 ſeconds of time for the eighth 
part of a ſecond of the Sun's parallax; and full 4 
ſeconds for a ſixteenth part of the Sun's parallax. 
For, in ſo ſmall an angle as that of the Sun's pa- 
rallax, the arc 1s not ſenſibly different from either 
its ſine or its tangent: and therefore, the quantity 
of this parallax 1 is in direct proportion to the abſo- 
lute difference in the time of egreſs ariſing from 
it, at different parts of the Earth. 


67. Therefore, when this difference is aſcertained 


by good obſervations, made at different places, and 
compared together, the true quantity of the Sun's 
parallax will be very nearly determined. For, 
ſince it may be preſumed that the beginning of 
egreſs can be obſerved within 2 ſeconds of its real 
time, the Sun's parallax may be then found within 


the 32d part of a ſecond of its true quantity; and 


conſequently, his diſtance may be found within a 


400th part of the whole, provided bis parallax be 


not leſs than 12; for 32 times 124 is 400. 

68. But fince Dr. HALLEY has aſſured us, 
that he had obſerved the two internal contacts 
of the planet Mercury with the Sun's edge ſo 
exacily, das not to err one ſecond in the time, we 
may well imagine that the internal contacts of 
Venus with the Sun may be obſerved with as 
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great accuracy. So that we may hope to have the 
abſolute interval beween the moments of her be- 
ginning of egreſs, as ſeen from London and from 
St. Helena, true to a ſecond of time; and if fo, the 
Sun's parallax may be determined to the 64th part 
of a ſecond, provided it be not Icfs than 12: 
and conſequently his diſtance may be found, within 
its 800th part; for 64 times 124 is 800: which 
is ſtill nearer the truth than Dr. HaLLey expected 
it might be found, by obſerving the whole dura- 
tion of the tranſit! in the Eaſt- Ladies and at Port- 
Neiſon. So that our preſent Aſtronomers have ju- 
diciouſly reſolved to improve the Dotor's method, 
by taking only the interval between the abſolute 
times of its ending at different places. Tt the 
Sun's parallax be greater or leſs than 12%, the 
elapſe or difference of abſolute time between the 
beginning of egreſs at London and St. Helena, will 
be found by obſervation to be greater or leſs than 
801 ſeconds accordingly. 


69, There will alſo be a great difference between 


the abſolute times of egreſs at St. Helena and the 
northern parts of Raſſia, which would make theſe 
places very proper for obſervation. The difference 
between them at To in Siberia and at St. Helena 
will be 11 minutes, according to DEL'IsLE's map: 
at Archangel it will be but about 40 ſeconds lefs 


than at Tebolſe; and only a minute and a quarter 


leſs at Peterſburg, even if the Sun's parallax be no 
more than 10%. At /Pardhus the ſame advantage 
would nearly be gained as at Tee,] but if the ob- 
ſervers could go tti]l farther to the ealt, as to Ta- 
koutſ# in Siberia, the advantage would be till 
greater: for, as M. Dt UIsLE very jultly obſerves, 
in a memoir preſented to the French king with his 
map of the tranſit, the difference ot time between 
Venus's cgreſs from the Sun ar Yakoutſk and at the 

Cape of Good Hope will be 155 minutes; 
70. This method requires that the longitude of 
each place of oblcrvation be alcertained to the 
LES. greateſt 
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greateſt degree of nicety, and that each obſerver's 
clock be exactly regulated to the equal time at his 
lace : for without theſe particulars it would be 
impoſſible for the obſervers to reduce the times 
to thoſe which are reckoned under any given merj- 
dian; and without reducing the obſerved times of 
egreſs at different places to the time at ſame given: 
place, the abſolute time that elapſeth between the 
egreſs at one place and at another could not be 
found. But the longitudes may be found, by ob- 
ſerving the eclipſes of Jupiter's ſatellites; and a 
"true meridian, for regulating the clock, to the time 
at any place, may be had, by obſerving when any 
given ſtar, within 20 or 3o degrees of the pole, is 
ſtationary, with regard to its azimuth, on the eaſt 
and weſt ſides of the pole; the pole itſelf being 
the middle point between theſe two ſtationary po- 
ſitions of the ſtar, And it is not material for the 
obſervers to know exaQly either the true angular 
meaſure of the Sun's diameter, or of Venus's, in 
this caſe ; for whatever their diameters be, it will 
make no ſenſible difference in the obſerved interval 
between the ſame contact, as ſcen from different 

Places, | 

71. In the geometrical conſtruction of tranſits, 
the ſcale AB (Fig. 3. of Plate XVI.) may be di- 
vided into any given number of equal parts, an- 
ſwering to any aſſumed quantity of Venus's hori- 
zontal parallax from the Sun (which is always the 
difference between the horizontal parallax ot Venus 
and that of the Sun), provided the whole length of 
the ſcale be equal to the ſemidiameter of the Earh's 
diſc in Fig. 4. — Thus, if we ſuppoſe Venus's hori- 
zontal parallax from the Sun to be only 26“ (in- 
ſtead of 31“), in which caſe the Sun's horizontal 
parallax muſt be 10“. 3493, as in & 20, the reſt of 
the projection will anſwer to that ſcale: as CD, 
which contains only 26 equal parts, is the ſame 
length as A B, which contains 31. And by work- 
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of the Planets from the Sun. 


& 62, you will find the times of total ingreſs and 
beginning of egreſs ;' and conſequently, the dura- 
tion of the tranſit at any given place, which muſt 
reſult from ſuch a parallax, we 
72. In projections of this kind, it may be eaſily 
conceived, that a right line paſſing continually 
through the center of Venus, and a given point of 
the Earth, and produced to the Sun's diſc, will 
mark the path of Venus on the Sun, as ſeen from 
the given point of the Earth: and in this there are 
three caſes. 1. When the given point is the 
Earth's center, at which there is no parallax, either 
in longitude or latitude, 2. When the given point 
1s one of the poles, where there is no parallax of 
longitude; but a parallax of latitude, whoſe quan- 
tity is eaſily determined, by letting fall a perpen- 
dicular from the pole upon the plane of the eclip- 
tic, and ſetting off the parallax of latitude on 
this perpendicular: and here, the polar tranſit- lines 
will be parallel to the central, as the poles have 
no motion ariſing froh the Earth's diurnal rota- 
tion. 3. The laſt cale is, when the given point of 
the Earth is any point of its ſurface, whole lati- 
tude is leſs than go degrees: then there is a paral- 
lax in latitude proporcional to the perpendicular 
let fall upon the aboveſaid plane, from the given 
point; and a parallax in longitude proportional 
to the perpendicular let fall upon the axis of that 
plane, from the ſaid given point. And the effect 
of this laſt will be to alter the tranſit-line, both in 
ofition and length; and will prevent its being 
parallel to the central tranſit - line, unleſs when its 
axis and the axis of the Earth coincide, as ſeen 
from the Sun; which is a thing that may not hap- 
pen in many ages. * 
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ARTICLE VI. 
Concerning the map of 40 rage Plate XVII. 


73. The title of this map, and the lines drawn 
vpon it, together with the words annexed to theſe 


lines, and the numbers (hours and minutes) on 


the dotted lines, explain the whole of it ſo well, 
that no ſarther deſcription ſeems requiſite. 
74. So far as I can examine the map by a good 
globe, the black curve lines are in general pretty 


well laid down, for ſhewing at what places the 


tranſit will begin, or end, at ſun-riſing or ſun-ſet— 
ting, to all thoſe places through which they are 
an, according to the times mentioned in the 
map. Only ! queſtion much whether the tranfit 
will begin at {un-riſe to any place in Africa, that is 
weſt of the Red Sea; and am pretty certain that 
the Sun will not be riſen to the northernmoſt part of 
Madagaſcar when the tranſit begins, as M. DB 
LisLt reckons the firſt contact of Venus with the 
Sun to be the beginning of the tranſit. So that 


the line which ſhews the entrance of Venus in cke 


Sun's diſc at ſun-rifing, ſeems to be a little too far 
welt in the map, at all places which are ſouth of 
Jia Minor: but in Europe, I think it is very well. 
75. In delineating this map, I had M. DEL'IsExE's 
map of the tranſit before me. And the only dif- 
ference between his map and this, is, 1. That in his 
map, the times are computed to the meridian of 
Paris; in this they are reduced to the meridian of 
London. 2. J have changed his meridional pro- 
jec ion into that of the equatorial; by which, I 
apprehend, that the black curve lines, ſhewing at 


_ what places the tranſit begins, or ends, with the 


riling or letting Sun, appear more natural to the 
eye, and are more fully ſeen at once, than 1n the 
map from which I copied; for in that map the 
lines are interrupted and broke 1 in the meridian 


that 


P * 
ap ood ag DAISY ECD CWO YAO RF” 7 * 
ee ee e eee e 


£ 
3 

5 
2 
* 
* 
> 
Ty 


: e TOS TR,” 2 
I TL CE a I on 


reographical projections.—The like may be ſaid 


tract publiſhed at Leipfick in 1629, entitled, Ad- 
monitio ad Ajtronomos, Sc. Kepler died ſome days 


| of theſe tables; upon which he laid aſide his work, 


_ of the Planets from the Sun. 


thatdivides the hemiſpheres; and the places where 
they ſhould join cannot be perceived ſo readily by 
thoſe who arc not well {killed in the nature of ſte- 


of many of the dotted curve lines, on which are 
expreſſed the hours and minutes of the beginning 
or ending of the tranſit, which are the abſolute 
times at thele places through which the lines are 
drawn, computed to the meridian of London. 


ARTI e VIL 


Containing an Account of Mr. Horrox's Obſerva- 
tion of the Tranſit of Venus over the Sun, in the 


Year 1639; as if is publiſhed in the Annual Re- 
giſter for the Year 1761. 


76. When Kepler firſt conſtructed his (the Ru- 
dolphine) Tables upon the obſervations of Tycho, 
he ſoon became ſenſible that the Planets Mercury 
and Venus would ſometimes paſs over the Sun's 
diſc; and he predicted two tranſits of Venus, one 
for the year 1631, and the other for 1761, in a 


before the tranſit in 1631, which he had predicted 
was to have happened. Gaſſendi looked for it at 
Paris, but in vain (ſee Mercurius in Sole viſus, & 
Jenus invija). In effect, the imperfect ſtate of the 
Rudolphine Tables was the cauſe that the tranſit 
was expected in 1631, when none could be ob- 
ſerved; and thoſe very tables did not give reaſon 
to expect one ia 1639, when one was ; really ob- 
ſerved. 

When our illuſtrious countryman Mr. Hon Rox 
firſt applied himſelf to Aſtronomy, he computed 
Ephemerides for ſeveral years, from Lanſbergius's 
Tables. After continuing his labours for ſome 


O . 
time, he was enabled to diſcover the imperfection 


intending 
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intending to determine the poſitions of the ſtars 
from his own obſervations. But that the former 
part of his time ſpent in calculating from Lanſ- 
bergius might not be thrown away, he made uſe or 
his Ephemerides to point out to him the ſituations 
of the planets, From hence he foreſaw when their 
conjunctions, their appulſes to the fixed ſtars, and 
the moſt remarkable phenomena in the heavens 


greateſt care to obſerve them. 
Hence he was encouraged to wait for the import- 
ant obſervation of the tranſit of Venus in the year 


1639; and no longer thought the former part of 


his time miſ- ſpent, ſince his attention to Lanſbergius's 
Tables had enabled him to diſcover that the tranſit 
would certainly happen on the 24th of November. 
However, as theſe Tables had ſo often deceived 
him, he was unwilling to rely on them entirely, 


would happen; and prepared himſelf with the 


= 


but conſulted other Tables, and particularly thoſe 


of Kepler; accordingly, in a Jetter to his friend 
William Crabtree of Mancheſter, dated Hool, October 
26, 1639, he communicated his diſcovery to him, 
and earneſtly deſired him to make whatever obſer- 
vation he poſſibly could with his teleſcope, parti- 
cularly to meaſure the diameter of the planet Ve- 


nus; which, according to Kepler, would amount 
to 7 minutes of a degree, and according to Lan/- 


bergins to 11 minutes; but which, according to 
his own proportion, he expected it would hardly 
exceed one minute. He adds, that according to 
Kepler, the conjunction will be November 24, 1639, 


at 8 hours 1 minute A.M. at Mancheſter, and that 


the planet's latitude would be 14' 10” fouth ; but 
according to his own corrections, he expected it to 
happen at 3 hours 57. min. P. M. at Mancheſter, with 
10' ſouth latitude. But becaule a ſmall alteration 
in Kep/er's numbers would greatly alter the time 
of conjunction, and the quantity of the planet's 
latitude, he adviſes to watch the whole day, and 
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of the 25th, though he was entirely of opinion 
that the tranſit would happen on the 24th. 

After having fully weighed and examined the 
ſeveral methods of obſerving this uncommon phæ- 
nomenon, he determined to tran{mit the Sun's 
image through a teleſcope into a dark chamber, 
rather than through a naked aperture, a method 
greatly commended by Kepler; for the Sun's image 
is not given ſufficiently large and diftin& by the 
latter, unleſs at a very great diſtance from the aper- 
ture, which the narrownels of his ſituation would 
not allow of; nor would Venus's diameter be well 
defined, unleſs the aperture were very ſmall; 
whereas his teleſcope, which rendered the ſolar 
ſpots diſtinctly viſible, would ſhew him Venus's 
diameter well defined, and enable him to divide 
the Sun's limb more accurately. 

He deſcribed a circle on paper which nearly 
equalled ſix inches, the narrowneſs of the place not 
allowing a larger ſize; but even this ſize admitted 
diviſions ſufficiently accurate, He divided the cir- 
cumference into 360 degrees, and the diameter 
into go equal parts, each of which were ſubdivided 
into 4, and the whole therefore into 120. The 
ſubdiviſion might have ſtill been carried farther, 
bur he truſted rather to the accuracy and niceneſs 
of his eye. | 

When the. time of obſervation drew near, he 


adjuſted the apparatus, and cauſed the Sun's dif- 
tinct image exactly to fill the circle on the paper; 


and though he could not expect the planet to enter 
upon the Sun's diſc before three o'clock in the 
atternoon of the 24th, from his own corrected 


numbers, upon which he chiefly relied; yet, be- 


cauſe the calculations in general from other tables 
gave the time of conjunction much ſooner, and 
ſome even on the 23d, he obſerved the Sun from 
the time of its riſing to nine o'clock; and again, 
a little before ten; at noon, and at one in the after- 
noon, being called in the intervals to buſineſs of 


the 
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the higheſt moment, which he could not neglect. 
But in all theſe times he ſaw nothing on the Sun's 
face, except one ſmall ſpot, which he had ſeen on 


the preceding day; and which alſo he afterward 


law on ſome of the following days. 

But at 3 hours 15 minutes in the afternoon, 
which was the firſt opportunity he had of repeating 
his obſervations, the clouds were entirely diſperſed 
and invited him to ſeize this favourable occaſion, 
which ſeemed to be providentially thrown in his 
9 ; tur he then beheld the moſt agreeable ſight, 

a ſpot, which had been the object of his moſt fan- 


'gvine wiſhes, of an unuſual ſize, and of a perfectly 


circular ſhape, juft wholly entered upon the Sun's 
diic on the left ide; fo that the limbs of the Sun 
and Venus perfectly coincided in the os point of 
contact. He was eise, ſenſible that this 
ſpot was the planet Venus, and applied himſelf 
with the utmolt care to proſecute his obſervations. 
And, Fir}, with regard to the inclination, he 
found, by means of a diameter of the circle ſet per- 
pendicular to the horizon, the plane of the circle 
being ſomewhat reclined on account of the Sun's 
altitude, that Venus had wholly entered upon the 
Sun's diſc, at 3 hours 15 minutes, at about 62", 
30“ (certainly between 60 and 655 from the ver- 
tex toward the right hand. (Theſe were the ap- 


Pearances within the dark chamber, where the 


Sun's image and motion of the planet on it were 
both inverted and reverſed. ) And this inclination 
continued conſtanr, at leaſt to all ſenſe, till he had 
Red the whole of his obſervation. 

Secondly, The diſtances obſerved afterward be- 
tween the centers of the Sun and Venus were as 
follows; At 3 hours 15 minutes by the clock, the 
diltance was 1655 245 z at 3 hours 35 minutes, the 
diſtance was 13 39"; at 3 hours 45 minutes, the 
diſtance was 1300“. The apparent time of ſun— 
ſetting was at 3 hours 50 minutes—the true time 

3 hours 
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3 hours 45 minutes—refra&tion keeping the Sun 
above the horizon for the ſpace of 5 minutes. 

Thirdiy, He found Venus's diameter, by repeated 
obſervations, to exceed a thirtieth part of the Sun's 


diameter, by a ſixth, or at moſt a fifth ſubdiviſion, 


— The diameter therefore of the Sun to that of 
Venus may be expreſſed, as 3o to 1.12. It cer- 
tainly did not amount to 1. 30. nor yet to 1.20, 
And this was found, by obſerving Venus as well 
when near the Sun's limb, as when farther removed 
from it. 

The place where this obſervation was made, was 
an obſcure village called Hool, about 15 miles 
northward of Liverpool. The latitude of Liverpool 
had been often determined by Horrox to be 3337 20'; 
and therefore, that of Hool will be 53* 357, The 
longitude of both ſeemed to him to be about 220 
30“ from the Fortunate Iſlands: that is 14* 15" to 
the welt of Uraniburg. | 

Theſe were all the obſervations which the ſhort- 
neſs of the time allowed him to make upon this 
moſt remarkable and uncommon ſight ; all that 
could be done, however, in ſo ſmall a {pace of time, 
he very happily executed; and ſcarcely any thing 
farther remained for him to defire. In regard to 
the inclinatioa alone, he could not obtain the ut- 
molt exactneſs; for it was extremely difficult, from 
the Sun's rapid motion, to obſerve it to any cer- 
tainty within the degree. And he ingenuouſly con- 
feſſes that he neither did, nor could poſſibly perform 
it. The reſt are very much to be depended upon; 
and as exact as he could wiſh. ä 

Mr. Cra#tree, at Mancheſter, whom Mr, Horrox 
had deſired to obſerve this tranſit, and who in ma- 
thematical knowledge was inferior to few, very 
readily complied with his friend's requeſt; but 
the ſky was very unfavourable to him, and he had 
only one ſight of Venus on the Sun's diſc, which 


was about 3 hours 35 minutes by the clock; the 


Sun then, for the firit time, breaking out from the 
clouds; 
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clouds; at which time, he ſketched out Venus's 


ſituation upon paper, which Horrox found to coin- 
cide with his own obſervations. 

Mr. Horrox, in his treatiſe on this ſubject, pub- 
liſhed by Hevelius, and from which almoſt the 
whole of this account has been collected, hopes 
for pardon from the aſtronomical world, for nor 
making his intelligence more publick ; bur his 


diſcovery was made too late. He is deſirous how- 


ever, in the ſpirit of a true philoſopher, that other 
aſtronomers were happy enough to obſerve it, who 
might either confirm or correct his obſervations. 
Bur ſuch confidence was repoſed in the tables at 


that time, that it does not appear that this tranſit 


of Venus was obſerved by any beſides our two in- 
genious countrymen, who proſecuted their aſtro- 
nomical ſtudies with ſuch eagerneſs and preciſion, 
that they mult very ſoon have brought their fa- 
vourite ſcience to a degree of perfection unknown 
at thoſe times. But unfortunately Mr. Horrox died 
on the 3d of January 1640-1, about the age of 


25, juſt after he had put the laſt hand to his trea- 


tile, entitled Venus in Sole viſa, in which he ſhews 
himſelf to have had a more accurate knowledge 
of the dimenſions of the Solar Syſtem than his 
learned commentator evelins—S8o far the Annual 


Kegiſter. 


In the year 16515 * Dr. Hailey gave in a paper 
upon the tranſit of Venus (See Lowtborpe's Abridg- 
mentofthe Philoſophical Tranſactions, page 434-)s 
in which he obſerves, from the tables then in uſe, 
that Venus returns to a conjunction with the Sun 
in her aſcending node in a period of 18 years, 
wanting 2 days 10 hours 52 minutes; but that 
in the ſecond conjunction ſhe will have got 24 41“ 


farther to the ſouth than in the preceding. That | 


after a period of 235 years 2 hours 10 minutes 9 
ſeconds, ſhe returns to a conjunction more to the 
north by 11033“; and after 243 years, wanting 43 


* See the Conno//ance des Tongs fer A. D. 1761. 
| minutes. 
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minutes in a point more to the ſouth by 13' 8”. 
But if the ſecond conjunction is in the year next 
after leap-year, it will be a day later. 

The intervalsof the conjunctions at the deſcend- 
ing node are ſomewhat different. The ſecond hap- 
pens in a period of 8 years, wanting 2 days 6 hours 
55 minutes, Venus being got more to the north 
by 19 587. After 235 years 2 days 8 hours 18 
minutes, ſhe is 9' 21“ more loutherly : only, if the 
| firſt year is a biſſextile, a day mult be added. And 
after 243 years o days I bour 23 minutes, the 
conjunction happens 10' 37” more to the north; 
and a day later, if the firlt year was biſſextile. It is 
ſuppoſed, as in the old ſtyle, that 2 centurial 
years are biſſcxtiles. 

Hence, Dr. HALLEx finds the years in which a 
tranſit may happen at the aſcending node, in the 
month of November (old ſtile) to be thele—918, 
1161, 1396, 1631, 1639, 1874, 2109, 2117: and 
the tranlits in the month of May (old (tile) at the 
deſcending node, to be in theſe years—1048, 1283, 
1518, 1526, 1761, 1769, 1995, 2004. 

In the firſt cale, Dr. HaLLEy makes the viſible 
inclination of Venus's orbit to be 9“ 5", and her 
horary motion on the Sun 4 7“. In the latter, 
he finds her viſible inclination to be 8“ 28”, and 
her horary motion 4000. In either caſe the greateſt 
poſſible duration of a tranſit is 7 hours 56 minutes. 

Dr. Harrer could even then conclude, that if 
the interval in time between the two interior con- 
tacts of Venus with the Sun could be meaſured to 
the exactneſs of a ſecond, in two places properly 
ſituated, the Sun's parallax might be determined 
within its. $00dth part, But teveral years after, 
he explained this affair more fully, in a paper 
concerning the tranſit of Venus in the year 17613 
which was ; publiſhed | in the Philoſophical Tranſ— 
actions, and of which the third of the preceding 
articles is a tranſlation ; the original having been 
wrote in 7 in by the Doctor. 
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ARTICLE VIII. 


Containing a ſhort account of ſome obſervations of the 
Tranſit of Venus, A. D. 171, June 6th, New 
Stile; and the diſtances of Ss Planets from the 
Sun, as deduced from thoſe obſervations, | 


Early in the morning, when every aſtronomer 
was prepared for obſerving the tranſit, it unluckily 
happened, that both at London, and the Royal Ob- 
ſervatory at Greenwich, the ſky was ſo overcaſt 
with clouds, as to render it doubtful whether any 
part of the tranſit ſhould be ſeen :—and it was 38 
minutes 21 ſeconds paſt 7 o'clock (apparent time) 
at Greenwich, when the Rev. Mr. Blifs our Aſtro— 


nomer Royal, firſt ſaw Venus on the Sun; at which 
inſtant, the center of Venus preceded the Sun's 


center by 6' 18”,g of right aſcenſion, and was ſouth 
of the Sun's center by 11142“. 1 of declination.— 
From that time to the beginning of egreſs the 
Doctor made ſeveral obſervations, both of the dif- 
ference of right aſcenſion and declination of the 
centers of the Sun and Venus; and at laſt found 


the beginning of egreſs, or inſtant of the internal 


contact of Venus with the Sun's limb, to be at 8 
hours 19 minutes o ſeconds apparent time.—From 
the Doctor's own obſervations, and thoſe which 
were made at Shirburn by another Gentleman, he 
has computed, that the mean time at Greenw?ch of 
the ecliptical conjunction of the Sun and Venus 


was at 51 minutes 20 ſeconds after 5 o'clock in 


the morning; that the place of the Sun and Venus 
was n(Gemini) 159 36' 33“; and that the geo- 


centric latitude of Venus was 9“ 44'.9 ſouth.— 


her horary motion from the Sun 3“ 577.13 retro— 
grade;—and the angle then formed by the axis f 
the equator, and the axis of the ecliptic, was 65 
9 34", decreaſing hourly 1 minute of a degree, — 
By the means of three good obſervations, the dia— 
meter of Venus on the Sun was 38“. 
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Mr. Short made his obſervations at Savile-Houſe 
in London, 30 ſeconds in time weſt from Greenwich, 
in preſence of his Royal Highneſs the Duke of York, 
accompanied by their Royal Highneſſes Prince 
William, Prince Henry, and Prince Frederick. He 
firſt ſaw Venus on the Sun, through flying clouds, 
at 46 minutes 37 ſeconds after 5 o'clock ; and at 
6 hours 15 minutes 12 ſeconds he meaſured the 
diameter of Venus 59".,8.—He afterward found it 
to be 58".9 when the ſky was more favourable.— 
And, through a reflecting teleſcope of two feet 
focus, magnifying 140 times, he found the internal 
contact of Venus with the Sun's limb to be at 8 
hours 18 minutes 214 ſeconds, apparent time; 
which, being reduced to the apparent time at 
Greenwich, was 8 hours 18 minutes 514 ſeconds: 
ſo that his time of ſeeing the contact was 8 ſeconds 
ſooner (in abſolute time) than the inſtant of its be- 
ing ſeen at Greenwich, 

Meſſrs. Ellicott and Dolond obſerved the inter- 
nal contact at Hackney, and their time of ſeeing it, 
reduced to the time at Greenwich, was at 8 hours 
18 minutes 36 ſeconds, which was 4 ſeconds ſooner 
in abſolute time than the contact was ſeen at Green- 
wich. 5 5 | 

Mr. Canton, in Spittle-ſquare, London, 4 11“ 
weſt of Greenwich (equal to 16 ſeconds 44 thirds 
of time), meaſured the Sun's diameter 31' 33” 24”, 
and the diameter of Venus on the Sun 58“; and 
by obſervation found the apparent time of the in- 
ternal contact of Venus with the Sun's limb to be 
at 8 hours 18 minutes 41 ſeconds ; which, by re- 
duction, was only 24 ſeconds ſhort of the time at 
the Royal Obſervatory at Greenwich. 

The Reverend Mr. Richard Haydon, at Leſteard, 
in Cornwall, (16 minutes 10 ſeconds 1n time welt 
from London, as ſtated by Dr. Bevis,) obſerved the 
internal contact to be at 8 hours o minutes 20 
ſeconds, which by reduction was 8 hours 16 minutes 
30 ſeconds at Greenwich : _ he mult have ſeen 
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it 2 minutes 3o ſeconds ſooner in abſolute time 
than it was ſcen at Greenwich—a difference by 
much too great to be occaſioned by the difference 
of parallaxes. But by a memorandum of Mr. 
Haydon's ſome years before, it appears that he then 
ſuppoſed his weſt longitude to be near two minutes 
more; which brings his time to agree within half 
a minute of the time at Greenwich; to which the 
arallaxes will very nearly anſwer, 

At Stockholm Obſervatory, latitude 59˙ 207 
north, and longitude 1 hour 12 minutes eaſt from 
Greenwich, the whole of the tranſit was viſible; 
the total ingreſs was obſerved by Mr. Wargentin 
to be at 3 hours 39 minutes 23 ſeconds in the 
morning, and the beginning of egreſs at ꝙ hours 
30 minutes 8 ſeconds ; ſo that the whole duration 
between the two N contacts, as ſeen at that 
place, was 5 hours 50 minutes 45 ſeconds. 

At Torneo in Lapland (1 hour 27 minutes 28 
ſeconds eaſt of Paris ) Mr. Hellant, who is eſteemed 
a very good obſerver, found the total ingreſs to be 
at 4 hours 3 minutes 59 ſeconds ; and the begin- 
ning of egreſs to be 9 hours 54 minutes 8 ſeconds. 
o that the whole duration between the two in- 


' ternal contacts was 5 hours 50 minutes 9 ſeconds. 


At Hernoſand, in Sweden (latitude 60? 38' north, 


and longitude 1 hour 2 minutes 12 ſeconds eaſt of 


Paris), Mr. Gifter obſerved the total ingreſs to be 
at 3 hours 38 minutes 26 ſeconds; and the begin- 
ning of: egreſs to be at 9g hours 29 minutes 21 
ſeconds. The duration between theſe two internal 


contacts 5 hours 50 minutes 56 ſeconds. 


Mr. De la Lande, at Paris, obſerved the begin- 


ning of egreſs to be at 8 hours 28 minutes 26 


ſeconds apparent time But Mr, Ferner (who was 
then at Conftans, 14 weſt of the Royal Obſerva- 
tory at Paris ) obſerved the beginning of egreſs to 
be at 8 hours 28 minutes 29 ſeconds true time. 
The equation, or difference between the true and 
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apparent time, was 1 minute 54 ſeconds. — The 
total ingreſs, being before the Sun roſe, could not 
be ſeen. 
At Tobolſt, in Siberia, Mr. Chappe obſerved the 
total ingreſs to be at 7 hours o minutes 28 ſeconds 
in the morning, and the beginning of egreſs to be 
at 49 minutes 20; ſeconds after 12 at noon.-—S0 
that the whole duration of the tranſit between the 
internal contacts was 5 hours 48 minutes 52+ ſe- 
conds, as ſeen at that place; which was 2 minutes 
32 ſeconds leſs than as ſcen at Hernofand in Sweden, 

At Maaraſs, the Reverend Mr. Hirſt obſerved 
the total ingreſs to be at 7 hours 47 minutes 55 
ſeconds apparent time in the morning; and the 
beginning of egreſs at 1 hour 39 minutes 38 ſeconds 
paſt noon. —T he duration between theſe two inter- 
nal contacts was 5 hours 51 minutes 43 ſeconds, 

Profeſſor Marhenci, at Bologna, obſerved the be- 
ginning of egreſs to be at 9 hours 4 minutes 58 
| leconds. 

At Calcutta (latitude 220 30' north, nearly 947 

eaſt longitude from London) Mr. il i iam Magee 
obſerved the total ingreſs to be at 8 hours 20 
minutes 58 ſeconds in the morning, and the begin- 
ning of egreſs to be at 2 hours 11 minutes 34 
ſeconds in the afternoon. The duration between the 
two internal contacts 5 hours minutes 36ſeconds. 

At the Cape of Good Hope (i hour 13 minutes 35 
ſeconds ealt from Greenwich) Mr. Maſon obſerved 
the beginning of egreſs to be at g hours 39 minutes 

o ſeconds in the morning. 

All theſe times are collected from the obſerver's 
accounts, printed in the Philoſophical Tranſactions 
for the year 1762 and 1763, in which there are 
ſeveral other accounts that I have not tranſcribed, 
-— The inſtants of Venus's total exit from the Sun 
are likewiſe mentioned; but they are here left out, 
as not of any uſe for finding the Sun's parallax, 

Whoever compares theſe times of the internal 

contacts, as given in by different obſervers, will find 
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ſuch difference among them, even thoſe which were 
taken upon the ſame ſpot, as will ſhew, that the 


.inftant of either contact could not be ſo accurately 


perceived by the obſervers as Dr. HALLEVY thought 
it could; which probably ariſes from the difference 
of people s eyes, and the different magnifying 
powers of thoſe teleſcopes through which the con- 
tacts were ſeen.— If all the obſervers had made 
uſe of equal magnifying powers, there can be no 
doubt but that the times would have more nearly 
coincided ; ſince it is plain, that ſuppoſing all their 
eyes to be equally quick and good, they whoſe 
teleſcopes magnified moſt, would perceive the 
point of internal contact ſooneſt, and of the total 
exit lateſt, 

Mr. Short has A an incredible deal of pains 
in deducing the quantity of the Sun's parallax, 
from the beſt of thoſe obſervations which were 
made both in Britain and abroad: and finds it to 
have been 8“. 5 2 on the day of the tranſit, when 
the Sun was very nearly at his greateſt diſtance 
from the Earth; and conſequently 8“ 65 when the 


Sun is at his mean diſtance from the Earth. — And 


indeed, it would be very well worth every curious 
perſon's while, to purchaſe the ſecond part of Vo- 
lume LII. of the Philoſophical Tranſactions, for 
the year 1763 ; even if it contained nothing more 
than Mr. Shor7's paper on that ſubject. | 
Thelog. ſine (ortangent) of 87.65 is 5.62 19140, 
which being ſubtracted from the radius 10,0000000, 
leaves remaining the logarithm 4.37 80860, whoſe 
number 1s 23882, 384; which is the number of 
ſemidiameters of tie Farth that the Sun is diſtant 
from it. And this laſt number, 2388 2.84, being 
multiplied by 3985, the number of Exgliſb miles 
contained in the Earth's ſemidiameter, gives 
95,173,127 miles for the Earth's mean «iſtance 
from the Sun. But becauſe it is impoſſib ie, from 


the niceſt obſervations of the Sun's parallax, to be 


lure of its true diſtance from the Earth within 100 
by: - miles, 


Not 
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miles, we ſhall at preſent, for the ſake of round 
numbers, ſtate the Farth's mean diſtance from the 


Sun at 95,17 3,000 Engliſh miles, | 
And then, from the numbers and analogies in 


$ 11 and 14 of this Diſſertation, we find the mean 


diſtances of all the reſt of the planets from the 
Sun in miles to be as follows :—Mercury's diſ- 


tance, 36, 841,468; Venus's diſtance, 68,891,486; 


Mars's diſtance, 145,014,148; Jupiter's diſtance, 


494,990,976; and Saturn's diſtance, 907, 956, 130. 


So that by comparing thele diſtances with thoſe 
in the Tavles at the end of the chapter on the 
Solar Syſtem *, it will be found that the dimen- 
ſions of the Syſtem. are much greater than what 
was formerly imagined: and conſequently, that 
the Sun and all the planets (except the Earth) are 


much larger than as ſtated in that table. 


The ſemidiameter of the Earth's annual orbit 
being equal to the Earth's mean diſtance from the 
Sun, viz. 95,17 3,000 miles, the whole diameter 
is 190, 346,000 miles. And ſince the diameter of 
a circle is to its circumference as I to 3.14159 the 
circumference of the Earth's orbit is 597,989,090 
miles. 

And, as the Earth deſcribes this orbit in 365 
days 6 hours (or in 8766 hours), it is plain that 
it travels at the rate of 68,217 miles every hour, 
and conſequently 11,369 miles every minute; ſo 
that its velocity in its orbit is at leaſt 142 times 


as great as the velocity of a cannon-ball, ſuppoſing. 


the ball to move through 8 miles in a minute, 


which it is found to do very nearly: —and at this 


rate it would take 22 years 228 days for a cannon- 
ball to go from the Earth to the Sun, 

On the zd of June, in the year 1769, Venus 
will again paſs over the Sun's diſc, in ſuch a man- 


ner, as to afford a much eaſier and better method 


of inveſtigating the Sun's parallax than her tranſit 


* Fronting page 42+ 
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in the year 1761 has done. But no part of Britain 


Will be proper for obſerving that tranſit, ſo as to 


deduce any thing with reſpect to the Sun's paral- 
lax from it, becauſe it will begin but a little be- 
fore ſun- ſet, and will be quite over before a o'clock 
next morning. The apparent time of conjunction 
of the Sun and Venus, according to Dr. HaLLey's 
Tables, will be at 13 minutes paſt 10 o'clock at 


night at London; at which time the geocentric © 
latitude of Venus will be full 10 minutes of a de- 


gree north from the Sun's center: — and therefore, 
as ſeen from the northern parts of the Earth, 


Venus will be conſiderably depreſſed by a parallax 
of latitude on the Sun's diſc; on which account, 


the viſible duration of the tranſit will be length- 
ened; and in the ſouthern parts of the Earth ſhe 
will be elevated by a parallax of latitude dn the Sun, 
which will ſhorten the viſible duration of the tranſit, 
with reſpect to its duration as ſuppoſed to be ſeen 
from the Earth's center; to both which affections 
of duration the parallaxes of longitude will alſo 
conſpire,—So that every advantage which Dr, 
HaLLEty expected from the late tranſit will be 
found in this, without the leaſt difficulty or embar- 


raſſment.—Ir is therefore to be hoped, that nei- 


ther coſt nor labour will be ſpared in duly obſerv- 
ing this tranſit ; eſpecially as there will not be ſuch 
another opportunity again in leſs than 105 years 
afterward. 

The moſt proper places for obſerving the tranſit 
in the year 1769, 1s in the northern parts of Lap- 
land, and the Solomon Jes in the great South-Sea z 
at the former of which, the viſible duration be- 


tween the two internal contacts will be at leaſt 22 


minutes greater than at the latter, even thovgh the 


| 2 s parallax ſhould not be quite 9“.— If it be 


(h ich is the quantity I had aſſumed in a deli- 
neation of this tranſit, which I gave in to the 


Royal 
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Royal Society before I had heard what Mr. Short 
had made it from the obſervations on the late 
tranſit), the difference of the viſible durations, as 
ſeen in Lapland and in the Solomon Jes, will be as 
expreſſed in that delineation ; and if the Sun's 


parallax be leſs than 9“ (as I now have very good 
reaſon to believe it 1s), the difference of durations - 


will be leſs accordingly. 
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The numeral Figures refer to the Articles, and 
the ſmall # to the Notes on the Articles. 


A 


 qCCELERATION of the Stars, 221. 
| Angle, what, 185, 1 
* Parallax of the Stars, 196. 
Anomaly, what, 239. 
Antients, their ſuperſtitious notions of Eclipſes, 329. 
Their method of dividing the Zodiac, 361. 
Anti podes, what, 122. 
As ſides, line of, 238. 
ARCHIMEDES, his ideal problem for moving the Earth, 
159. 
Areas, deſeribed by the Planets, proportional to the times, 
153. 
* the great advantages ariſing from it both in our 
religious and civil concerns, 1. 
Diſcovers the laws by which the Planets move, and are 
retained in their Orbits, 2. . 
Aimoſphere, the higher the, thinner, 174. 
Its prodigious expanſion, 741d. 
Its whole weight on the Eaith, 175. 
Generally thought to be heavieſt when it is lighteſt, 
FR. - 
Without i it, the Heavens would appear dark in the day- 
time, 177. 
Is the cauſe of Twilight, ibid. 
Its height, ibid. 
Refracts the Sun's rays, 178. 


Cauſeth the Sun and Moon to appear above the Hori- 


zon when they are really below it, ibid. 
' Foggy, deceives us, in the bulk and diſtance of objects, 
185. 
Attraction, 105-107. 
Decreaſes as the ſquare of the diſtance increaſes, 106. 
Greater in the larger than in the ſmaller Planets, 158. 
Greater in the Sun, than i in all the Planets if put to- 
gether, ibid. | 
Axis 
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Axis of the Planets, what, 19. 
Their different poſitions with reſpect to one another, 
120. 
Axis of the Earth, its Paralleliſm, 202. 
Its poſition variable as ſeen from the Sun or Moon, 338. 
the Phenomena thence ariſing, 340. 
5 
. 


Bodies, on the Earth, loſe of their weight the nearer they 
are to the Equator, 117. 
How they might loſe all their weight, 118, 
Ho they become viſible, 167. 


C. 


Calculator (an Inſtrument) deſcribed, 399. 
Calendar, how to' inſcribe the Golden Numbers right in 
it for ſhewing the days of New Moons, 286, 

Cannon-Ball, its ſwiftneſs, 89. 

In what times it would fly from the Sun to the different 
Planets and fixed Stars, ibid. | 
CassIN1, his account of a double Star eclipſed by the 
Moon, 58. 

His Diagrams of the Paths of the Planets, 138. 
Catalogue of the Eclipſes, 327. 

Of the Conſtellations and Stars, 362. 

Of remarkable Aras and Events, 396. 
Celeſtial Globe improved, 401. 

Centripetal and centrifugal forces, how they alternately 
overcome each other in the motions of the Planets, 
I52—154. | 

Changes in the Heavens, 366. 
Circles, of perpetual. Apparition and Occultation, 128. 

Of the Sphere, 198. 

Contain 360 Degrees, whether they be great or ſmall, 
207. ; 

Civil Year, what, 474. 
CoLumBus Co) his ſtory concerning: an 
Eclipſe, 330 
Clocks and Wat _ an eaſy method of knowing whether 
they go true or falſe, 223. 
Why they ſeldom agree with the Sun if they go true, 


228—245. 8 
0 . Clicks 


. Clicks, and Watches, how to regulate them by — 


' * "Fables and a Meridian Line, 225, 226, 
Clouds Stars, 365. 
Cometarium (an inſtrument): deſcribed, 400. 
Con/te.lations, ancient, their number, 359. 
The number of Stars in each, according to different 
Aſtronomers, 362. 


Cycle, Solar, Lunar, and Romiſh, 383. | : 


| - 


Darknſs at our SAVIOUR'S eratifiion operant 395. 
Day, natural and artificial, what, 380. 
And Night, always equally long at the Equator, 126. 
Natural, not compleated in an abſolute turn of the 
Earth on its Axis, 222. | 
Degree, what, 207. 
Digit, what, 336, n. | | 
Dis ection, (Number of) 38 | 
Diſtances of the Planets Fo the Sun, an 1 Idea of FORD 89. 
A Table. of them, 98. 
How found, 190; and in the Diſſertation on the Tranſit 
of Venus, Chap. KAI. 
Diurnal and — Motions of the Earth 2 200, 
„ 
Dominica] Letter, 309. 


Dauble projettile force, a balance to a 2 priver if 


| Gravity, 153. 

Doubie Star covered by the Moon, 58. 

Barth, its Bulk but a point as ſeen 3 the "JE 3. 

Iis Diameter, annual period, and diſtance from the Sun, 
5 

Turns round its Axis, ibid. 

Velocity of its equatorial Parts, ibid. 

Velocity in its annual Orbit, ibid. 

Inclination of its Axis, 48. 


Proof of. its being globular, or nearly ſo, 49, 314. 
Meaſurement of i its ſurface, 50, 51. 


Difference between its equatorial and polar 3 155 


Its motion ron the Sun demonſtrated. by gravity, 


8 . 108, i 
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108, 111, by Dr. BRA DLRV's Abende 11331 
by the Eclipſes of Jupiter's Satellites, 219. 

Earth, its diurnal motion highly probable from the ab- 
ſurdity that muſt follow upon ſuppoſing it not to 
move, 111, 122. and demonſtrable from its figure, 
116. this motion cannot be felt, 119. 

Objections againſt its motion anſwered, 112, 121. 
It has no ſuch thing as an upper or an under ſide, 122. 
in what caſe it might, 123. 
The ſwiftneſs of its motion in its Orbit compared 
with the velocity of light, 197. 
Its diurnal and annual motions illuſtrated by an eaſy 
experiment, 200. 
Proved to be leſs than the Sun, and bigger than the 
Moon, 315. 
Eaſter Cycle, 388. 

Edi areon (an Inſtrument) deſcribed, 405. 

Eclipſes of Jupiter's Satellites, how the Longitude is found 
by them, 212. they demonſtrate the velocity of light, 


of the Sun and Moon, 312350. 
Why they happen not in every month, 316. 
When they muſt be, 317. 
Their Limits, ibid. 
Their Period, 320. 
A diſſertation on their progreſs, ibid. | 
A large Catalogue of them, 327. k 
_ Hiſtorical ones, 328. h 
More of the Sun than of the Moon, and why, 331. 
The proper Elements for their calculation and projec- 
tion, 383. | 
Ecliptic, its ſigns, their names and characters, 91. 
Makes different angles with the Horizon every hour and 
minute, 275. how theſe Angles may be eſtimated by 
the poſition of the Moon's horns, 260. 
Its obliquity to the Equator leſs now than it was for- 
merly, 368. 
Elongations, of the Planets, as ſeen by an Obſerver at reſt 
on the outſide of all their Orbits, 1 
Of Mercury and Venus, as ſeen ** the Earth, illuſ- 
trated, 142. its quantity, 143. 
Of Mercury, Venus, the Earth, Mars, and Jupiter ; ; 
their quantities, as ſeen from Saturn, 147. 
Equation of time, 224— 245. 
Equator, day and night always cqual there, 126. 


Equatar 
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Eguator makes always the ſame Angle with the Horizon of 
the ſame place; the Ecliptic not, 274, 275. 

Eguinoctia! Points, in the Heavens, their preceſſion, 246. 
a very different thing from the receſſion or anticipa- 
tion of the Equinoxes on the Earth, the one no ways 
occaſioned by the other, 249. 

Aras or Epochs, 396. 
Excentricities of the Planets' Orbits, 155. 


\ 


F 


Fallacies in judging of the bulk of objects by their appa- 


rent diſtance, 185. applied to the ſolution of the 
horizontal Moon, 187, 
Firſi Meridian, what, 207. 
Fixed Stars, why they appear of leſs magnitude when 
viewed through a teleſcope than by the bare eye, 354. 
Their number, 355 
Their diviſion into different Claſſes and Conſtellations, 


358, 359» 


_ > 


General Phenomena of a ſuperior Planet as ſeen from an in- 
ferior, 149, 


Georgium Sidus, its diſtance, diameter, magnitude, an- 


nual revolution, 84, n. 

Not readily diſtinguiſhed from a fixed Star, ibid. 

Inclination of its orbit, ibid. 

Place of its Nodes, ibid. 

Its Satellites, their diſtance, periods, and remarkable 
poſition of their orbits, 101d. 

Gravity, demonſtrable, 191—104. - 

Keeps all bodies on the Earth to its . or brings 
them back when thrown upward ; and conſtitutes 
their weight, 101, 122, | 

Retains all the Planets in their Orbits, 103. 

Decreaſes as the ſquare of the diſtance increaſes, 106, 

Proves the Earth's annual motion, 108. 

Demonſtrated to be greater in the larger Planets than 
in the ſmaller; and ſtronger in the Sun than in all 
the Planets together, 158. 

Hard to underſtand what it is, 160, 


Acts every moment, 162. 
Globe 
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Glibe (Celeſtial), improved, 401. 
Great Year, 251. 


H. 


Harmony of the celeſtial motions, 111, 
Harvet- Moon, 273—293. 
None at the Equator, 273. 
Remarkable at the Polar Circles, 285. 
In what years moſt and leſs advantageous, 292 
| Heat, decreaſes as the ſquare of the diſtance from the Sun 
increaſes, 169. 
Why not greateſt when the Earth is neareſt the Sun, 
: "WO 
© 0 about three o'clock'in the afternoon than 
when the Sun is on the Meridian, 300. 
avens, ſeem to turn round with different velocities as 
ſeen from the different Planets; and on different 
Axes as ſeen from moſt of them, 120. 
Only one Hemiſphere of them ſeen at once from any 
one Planet's ſurface, 125. 
The Sun's Center the only point from which their 
true motions could be ſeen, 135. 
Changes in them, 366. 
Horizon, what, 125, n 
Horizontal Mon explained, 187. 
Horizontal Parailax, of the Moon, 190; of the Sun, 
1913 beſt obſerved at the Equator, 193. 
Hour Circles, what, 208. 
Hour of time equal to 15 degrees of motion, ibid. 
How divided by the Jeus, Chaldeans, and Arabians, 
382. 
HuyGev1vs, his thoughts concerning the diſtance of ſome 
_ 5. 


. 


Inclination of Venus's Axis, 29. 
Of the Earth's, 48. 
Of the Axis or Orbit of a Planet cole relative, 201. 
Inhabitants of the Earth for any other Planet) ſtand on 
oppoſite ſides with their feet toward one another, yet 
each thinks himſelf on the upper ſide, 122, 


1. 7 


IN D ZE X 
J. 


| Ie Period, 303. 


upiter, its diſtance, diameter, diurnal and annual revo- 
Intions, 67—69, 
The Phenomena of its belts, 70. 
Has no difference of ſeaſons, 71. 


Has four Moons, 72. their grand Period, 73. the- 


Angles which ** Orbits ſubtend, as ** from 
the Earth, 74. moſt of them are eclipſed i in every 
cevatucon: 75. a 


Jupiter, the great difference between its nn and ; 


polar diameters, 76. 
The inclination of i its Orbit, and 1 of i its Aeg 
Node, 77. | 
The Sun's light 3000 times as ſtrong on it as Full 
Moon light is on the Earth, 85. 
Is probably inhabited, 86. 
The ri. ſtrength required to put it in motion, 
158. We | | 
The figures of the Paths deſcribed by its Satellites, 269, 


L. 


Light, the b ſmallneſs of its > ticles, 165: 
and the great miſchief they would do if they were 
larger, 166. 

Its ſurpriſing velocity, 166. com pared wich the ſwift- 
neſs of the Earth's annual motion, 197. | 

Decreaſes as the ſquare of the diſtance from the lumi- 
nous body increaſes, 169. 

Is refracted in paſſing through different Mediums, 

+ had + x 

Affords a proof of the Earth's annual motion, 197, 
21 

In nd time it comes from the Sun to the Earth, 216; 
this explained by a figure, 217. | 

Limits of Eclipſes, 317. 

Line, of the Nodes, what, 3173 has a retrograde mo- 
tion, 319. 

Of Sines and Chords, how to make, 369. 

Lons (Rev. Dr.) his method of comparing the quan- 

tity of the ſurface of dry Land with that of the Sea, 


I, 
3 Lons, 


INDE x. 


hs, his glaſs 8 126. 
Longitude, how found, 207—213. 
Lucid Spots in the Heavens, 304. 
Lunar aw deficient, 385. 


M. 


Magellanic Clouds, 365. 

Man, of a middle ſize, how much prefled by the weight 
of the Atmoſphere, 17 53 why this preflure is not 
felt, ibid. \ 

Mars, its Diameter, period, Diſtance, and other Phe- 
nomena, 64 67. 

Matter, its properties, 99, 

Mean Animaly, what, 239. 

Mercury, its Diameter, Period, Diſtance, &c, 22. 

Appears in all the ſhapes of the Moon, 23. 
When it will be ſeen on the Sun, 24. 
Ty! he inclination of its Orbit and Place of its Aſcending 
Node, ibid. 
Its Path delineated, 138. 
Experiment to ſhew i its Phaſes, and apparent Motion, 
142. 

Mercury (Quickſilver) in the Barometer, why not affected 

by the Moon's taiſing Tides in the Air, 311. 

Meridian, firſt, 207, 

Line, how to draw one, 226. 

Milky Way, what, 363. 

Months, Jewiſh, Arabian, Egyptian, and Grecian, 378. 

Min, her Diameter and Period, 52. | 

Her Phaſes, 53, 255. 

Shines not by her own light, 54. 
Has no difference of ſcaſons, 55. 
The Earth is a moon to her, 56. 

Has no Atmoſphere of any viſible Denſity, 58 ; nor 
Seas, 59. 

How her inhabitants may be ſuppoſed to meaſure their 
year, 62. 

Her light compared with daylight, 85. 

The eccentricity of her Orbit, 98. 

Is nearer the Earth now than ſhe was formerly, 163. 

Appears bigger on the Horizon than at any conſider- 
able height aboye it, and why, 187, yet is ſeen 
much under the Tame Angle in both cane; 188. 


Moon, 


— 


1 DE 


D 


Her ſurface mountainous, 252: if ſmooth, ſhe could 


give us no light, ibid. 

Why no hills appear round her edge, 253. 

Has no Twilight, 254. 

Appears not always quite round when full, 256. 

Her Phaſes agreeably repreſented by a globular Stone 
viewed in Sunſhine when ſhe is above the Hori- 
zon, and the obſerver placed as if he ſaw her on 
the top of the Stone, 258. 

Turns round her Axis, 262. 

The length of her Solar and Sydereal day, ibid. 

Her periodical and ſynodical revolution repreſented by 
the motions of the hour and minute hands of a 
Watch, 264. 

Her Path delineated, and ſhewn to be always concave 

to the Sun, 265—268. 

Her motion alternately retarded and accelerated, 267. 

Her gravity toward the Sun greater than toward the 
Earth at her Conjunction, and why ſhe does not 
then abandon the Earth on that account, 268. 

Riſes nearer the time of 'Sun-ſet when about the full 
in harveſt for a whole week than when ſhe is about 
the full. at any other time of the year, and why, 
273284: this riſing goes through a courſe of in- 

, creaſing and decreaſing benefit to the farmers every 
19 years, 292. 

Continues above the Horizon of the Poles for fourteen 
of our natural days together, 293. 

Proved to be globular, 314; and to be leſs than the 
Earth, 315. 

Her Nodes, 317; afcending and deſcending, 183 

their retrograde motion, 319. 

Her acceleration proved from ancient Eclipſes, 322, n. 

Her Apogee and Perigee, 330, 

Not inviſible when ſhe is totally eclipſed, and why, 346: 
How to calculate her Conjunctions, Oppoſitions, and 
Eclipſes, 353% x | 
How to find her age in any Lunation by the Golden 

Number, 423. | 

Morning and Evening Star, what, 145. 

Motion, naturally rectilineal, 100. 

Apparent, of the Planets as ſeen by a ſpeRator at reſt 
on the outſide of all their Orbits, 133; and of the 
Heavens as ſeen from any Planet, 1 54+ 


L1 | N. Natural 


* 
— * —— — f 


N. 


Natural Day, not completed in the time that the Earth 
turns round its Axis, 222. 
New and Full Moon, to calculate the times of, 3 5 3. 
New Stars, 366; cannot be Comets, 367. 
New Stile, its original, 377. | 
Nodes of the Planets Orbits, their places in the Eclip- 
tic, 20. 
Of the Moon's Orbit, 317 ; their retrograde motion. 


= 31 
Nonag eſi mal Degree, what, 259. 
3 77 Direction, 389. 


. 


Objefs, we often miſtake their bulk by miſtaking theic 

diſtance, 185. 
Appear bigger when ſeen through 2 fog than through 

clear air, and why, ibid. this applied to the ſolution 
of the horizontal Moon, 187. 

Oblique Sphere, what, 131. 

Olympiads, what, 323. u. 

Orbits of the Planets not ſolid, 21. 

Orreries deſcribed, -397, 398, 399. 


. i 


P. 


Parallax, Horizontal, what, 190. 
Parallel Sphere, what, 131. 
Path of the Moon, 265—267. 
Of Jupiter's Moons, 269. 
Pendulums, their vibrating lower at the Equator than 
near the Poles proves that the Earth turns on its 
Axis, 117, 
Penumbra, what, 336. | 
Its velocity en the Earth in Solar Eclipſes, 337. 
Period of Eclipſes, 320, 326. 
Phaſes of the Moon, 25 
Planets, much of the ſame nature with the Earth, I1, 
Some have Moons belonging to them, 12. | 
Move all the fame way as ſeen from the Sun, but not 
as ſeen from one another, 18, 
Their Moons denote them to be inhabited, 85. | 
6 Planets, 


IND EX. 


Planits, the proportional breadth of the Sun's iſe, 25 


ſeen from each of them, 87. 


Their proportional bulks as ſeen from the Sun, 88, - 


An idea of their diſtances from the Sun, 8g, 
Appear bigger and leſs by turns, and why, 90. 


Are kept in their Orbits by the power of gravity, 101, 


150—1 58, 


Their motions very irregular a8 ſeen from the Earth, W 


137. 


The apparent motions of Mercury and Venus deli- : 


neated by Pencils in an Orrery, 138. 
| Elongations of all the reſt as ſeen from Saturn, 147. | 
Deſcribe equal areas in equal times, 153. | 
The exeentricities of their Orbits, 155. | | 
In what times they would fall to the Sun by the power 
of gravity, 157. 


Diſturb one another's motions, the conſequence of 


it, 163. 


Appear dimmer when ſeen through teleſcopes than by. 


the bare eye, the reaſon of this, 170. 
Planetary Globe deſcribed, 402, 
Polar Circles, 198. 
Poles, of the Planets, what, 19. 
Of the world, what, 122. | 
Celeſtial, ſeem to keep in the ſame points of the Hea- 
vens all the year, and why, 196. 


Projectile Force, 150; if doubled, would require a qua- 


druple power of in to retain the Planets i in their 
Orbits, 153. 


Is evidently an impulſe from the hand of. the Al- 
MIGHTY, 161. Ke 

Prectſſion of the Equinoxes,, 246— 25 l. 

Ptolemean Syſtem abſurd, 96, 14 


R. 
PR 
Rays of Light, when not diſturbed, move in ſtraight lines, 
and hinder not one another's motions, - 168, 
Are refracted in paſſing through different mediums, 171. 
Reflection of the Atmoſphere, cauſes the Twilight, 177. 
Refraction of the Atmoſphere bends the Rays of Light from 
ſtraight lines, and keeps the Sun and Moon longer 
in ſight than they would otherwiſe be, 178. 
A ſurpriſing inſtance of this, 183. 


I | Refraction 


5 
| 
4 
: 
l 
: 
: 


Kefraction of the Atmoſphere mull be allowed for in taking 
the Altitudes of the celeſtial bodies, ibid. 
. Right Sphere, 131. 


8. 


Satellites, the times of their revolutions round their pri- 
mary Planets, 52, 73, 80. 

Their Orbits compared with each other, with the Or- 
bits of the primary Planets, and with the Sun's cir- 
cumference, 271. 

What ſort of curves they deſcribe, 272. | 

Saturn, with his Ring and Moons, their Phznomena, 
78, 79, 82. | 

The Sun's light 1000 times as ſtrong to Saturn as the 
light of the Full Moon is to us, 85. 

The Phznomena of his Ring farther explained, 204. 

Our blifſed SAVIOUR, the darkneſs at his Crucifixion ſu- 
pernatural, 352. 

The'prophetic year of his Crucifixion found to agree 
with an aſtronomical calculation, 395. 

S:a/jons, different, illuſtrated by an eaſy experiment, 200; 
by a figure, 202, 

Shadow, what, 312. 

S) dereal Time, what, 221; the number of Sydereal Days 
in a year exceeds the number of Solar Days by one, 
and why, SIR. - 

An eaſy method for regulating Clocks and Watches by 

"= My AI 

SMITH, (Rev. Dr. ) his compariſon between Moon-light 
and day- light, 85. 

His demonſtration that light decreaſes as the ſquare of 
the diſtance from the luminous body increaſes, 169. 

(Mr. George) his Diſſertation on the Progreſs of a ſo- 
lar Eclipſe ; following the Tables at 320. | 

Sclar Ajlronemer, the judgement he might be ſuppoſed to 
make concerning the Plznets and Stars, 1 35, 136. 

S; here, parallel, oblique, and right, 131. 

Its Circles, 108. 

Spring and Neap Tides, 30 2. 

Stars, their vaſt diſtance ſiom the Earth, 3, 156, 

Probably not all at the ſame diſtance, ol. 

Shine by their own light, and are therefore Suns, 7. 
probably to other worlds, 8. 


Stars, . 


IN D E X. 1 
Stars, a proof that they 40 not move nated the Earth, tit. 
Have an apparent flow motion round the Toles of the. 
 Ecliptic, and why, 251. 

A Catalogue of them, 362. 

Cloudy, 365. 

New, 366. 

Some of them change their places, 367. 

Starry Heavens have the ſame appearance from any part 
of the Solar Syſtem, 132. 

SUN, appears bigger than the Stars, and why, 4. 

Turns round his Axis, 18. 


His proportional- breadth as ſeen from the different 
Planets, 87. 


Deſcribes unequal arcs above and below the Horizon at 
different times, and why, 130. 
His center the only place from which the true motions 
pf the Planets could be ſeen, 135. 
Is for half a year together viſible at each Pole in its 
turn, and as long inviſible, 200, 294. 
Is nearer the Earth in Winter than in Summer, 205» 
Why his motion agrees ſo ſeldom with the motion of a 
well. regulated Clock, 224—245. 
Would more than fill the Moon's Orbit, 271. 
Proved to be much bigger than the Earth, and the 
Earth to be bigger than the Moon, 315. 


Syſtems, the Solar, 17-95; the Ptolemean, 903 the 
1 9 


T. 


Table of the periods, Revolutions, Magnitudes, Diftances, 
Sc. of the Planets, facing 8 98. 

Of the Air's rarity, compreiſion, 2 and expanſion, at dif- 
ferent heights, 174. 

Of refractions, 182. 

For converting time into motion, and the reverſe, 220. 

For ſhewing how much of the celeſtial Equator paſſes 
over the Meridian in any part of a mean Solar Day; 
and how much the ſtars accelerate upon the nean 
Solar time for a month, 221. 

Of the firſt part of the Equation of time, 229; off the 
ſecond part, 241, 

Of the preceſſion of the Equinoxes, 247. 

Of the length of Sydereal, Julian, and opical 1 ears, 
251. | 

3 


INDE X. 


Of the Sun's place and Anomaly, * 
Of the Equation of Natural Days, following 25 I. 

Of the Equation of Time, | 

Of the Conjunctions of the hour and minute hands of 

a Watch, 264. 

Of the Curves deſcribed by the Satellites, 272. 

Of the difference of Time in the Moon's riſing and 
ſetting on the paralle] of London every day during 
her courſe round the Ecliptic, 277. 

Of the returns of a Solar Eclipſe, 320. 

Of Eclipſes, 327. 

For calculating New and Full Moons and Eclipſes, 
following 353. 

Of the Conticifations and riumber of Stars, 362. 
Of the Jeroiſb, Egyptian, Arabic, and Grecian months, 379. 
For inſerting the Golden Numbers right in the Calen- 

dar, 386. 5 8 

Of the times of all the New Moons for 76 Years, 387. 

Of remarkable Aras or Events, 396. 

Of the Golden Number, Number of Direction, Do- 
minical Letter, and Dzys of the Months, following 

96. | | 
"0-80 —.— 's Eclipſe, 323. 
THrucypipes's Eclipſe, 324. 
Tides, their Cauſe and Phenomena, 295—311. 
Tide- Dial deſcribed, 404. | 
Trajeclorium Lunare deſcribed, 403. 
Tropics, 198. 
Twilight, none in the Moon, 254. 
Zychenic Syſtem abſurd, 97. 


U. 


Univerſe, the Work of Almighty Power, 5, 161, 
Up and down, only relative terms, 122. 
Upper or under ſide of the Earth, no ſuch thing, 123, 


v. 


Veloci ij of Light compared with the velocity of the Earth 
in its annual Orbit, 197. 
Venui, her bulk, diſtance, period, length of FEA and 
. 1nights, 26, 


Venus 


I nn DET! 


Penus ſhines not by her own light, 26. 
Is our morning and evening Star, 28, 
Her Axis, how ſituated, 29, 
Her ſurpriſing phenomena, 29—43. 
The inclination of ber Orbit, 45. 
When ſhe will be ſeen on the Sun, ibid. | 
How it may probably be ſoon known if ſhe has a Sa- 
tellite, 46. 
Appears in all the ſhapes of the Moon, 23, 141. 
An experiment to ſhew her Phafes and apparent Mo- 
tion, 141. 
Viſion, how cauſed, 08. 


W. 
| Weather, not t hotteſt when the Sun is neareſt to us, and 
why, 205. 


Miigbt, the cauſe of it, 122. 
Tala, not eternal, * 


J. 


Var, 370. Great, 251. Tropical, 371. Sydereal, 372. 
| Lunar, 373. Civil, 374. Biſſextile, ibid. Roman, 370. 
Fan ir Egyptian, Arabic, and Grecian, 378, 379; bow 

ong it would be if the Sun moved round the Earth, 
Ill. 


Z. 


Zodiac, what, 360. 
How divided by the ancients, 367. 
Zones, what, 199. 
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